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PREFACE. 



This volume is the out^n'owth of my lecture notes. First in- 
tended for the students of my classes at the college and hospital, it has 
jj^own ^rradually to its present proportions, when it seemed worthy of 
wider circulation. 

While little that is new or ori*rinal can hr said upon certain of 
the subjects which have Ixhmi so wt*ll worked over hy Da Costa. Loomis 
and (iairdner, who stand in their relati(m to physical diairnosis in the 
position occupied hy the old masters in the field of art, yet the value 
of puttint; one's ideas and knowledjre of a suhjc^ct into concrete form 
for teachiuii: so far surpasses the endeavor to t(*ach from the abstract, 
that I oiler no other excuse for l)ein«r char«reable with the offense 
implied in Cadmon's — "Of the makintr of books th(M-e is no end." 

Most books upon technical subjects are written by the men of the 
schools and the laboratories, who, with the «»ndless resources at their 
command, are apt to «rive small consideration and less pi*eference to 
methods better suited to the class of the »;eneral profession which 
might almost be called its lay-membei's. 

I have stronjrly endeavored to keep thes(» in mind and to choose 
always the simpler way when it sufficed. 

r am nuich indebted to Miss Mar<:ery ('omeirys for artistic work 
and help on the plates and illustrati<ms and to Dr. F. W. Ilachtel for 
assistance in proofreading and indexing. 

PEARCP] KIXTZIXO. 
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bECTlON 1. 

DISEASES OH THE CHEST. 

INTRODUCTION. 

It is in diseases of the chest that physical research has reached its 
highest development and has been most prolific of results. It may 
be claimed that the science of physical diagnosis cannot be learned 
from books. For reply, we ask, — what science can? Nevertheless, 
the orderly setting forth of the groundwork, and a clear description 
of the phenomena on which are based the inferences and conclusions 
of physical diagnosis are as necessary and helpful to the students as 
is the same work in any other department of science. 

Yet, withal, that the ability to make correct application of these 
principles and more especially the acquisition of capacity to interpret 
their import and significance, must be gained by bedside practice, is 
freely admitted. 

The manner of investigating disease of the chest should be taken 
by the student as a type of the methods used to investigate disease 
in other parts of the body. It is absolutely necessary for the student 
first to make himself thoroughly familiar with the normal sounds and 
normal properties connected with the functions of the thoracic organs, 
and to fix firmly in mind their exact location and natural anatomical 
outlines. Experience has taught nie that these deficiencies are the 
great stumbling blocks of the student. This knowledge can be ac- 
quired by painstaking study upon the living subject, combined with 
the practise of the same methods upon the healthy individual that 
would be used were he diseased, until these normal properties are a 
part of our consciousness, and departures therefrom as quickly reco^r. 
nized as is a false note by the maestro. 

It must be remembered that departures from normal sounds and 
ehanges in normal areas are caused by alterations in the physical 
propi^rties of the organs or parts affected, and in no other way. As 
ofteTi as we strike the key of an organ we elicit a certain invariable 
note, and it is only by altering the physical conditions or the mechan- 
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ism at some point between key and pipe that we can change the char- 
acter of the sound. So the principal thoracic organs, in the accom- 
plishment of their functions, produce certain fixed sounds which are 
altered only by changes in their physical properties or in the mechan- 
ism of the sound production. To determine the extent and significance 
of these alterations is a part of the ofllce of the diagnostician. 

Further than this, all matter is endowed with certain individual 
properties, and to make manifest the different degrees in which vari- 
ous organs may possess one or another of these, is also a part of physical 
diagnosis. Thus, the capability of producing resonance, of transmit- 
ting or conducting sound, of vibrating when struck, varies materially 
with the different tissues of the body, and all of these properties are 
profoundly affected by disease, by alterations in their structure, or 
by changes in their surroundings. Yet disease must, indeed, be exten- 
sive ere a structure loses entirely its normal properties. It is manifest 
that as long as any of the normal structure remains unaltered, that 
far will it retain its normal properties. On the other hand, these will 
be appreciably or materially altered in some cases by even slight dis- 
ease; hence diagnosis becomes, broadly speaking, a question of esti- 
mating differences or departures from the normal. Just as the ear of 
the better trained musician is able to recognize even the finest shading 
of a note, so the person more skilled in recognizing minute differences 
in the physical signs which it is possible to elicit from the human body 
will be, other things being equal, the better diagnostician. But the 
work does not stop here. It is the ability to correlate, to judge the 
relative importance of the facts brought to light, and to draw rational 
inferences therefrom, which marks the true diagnostician. 

These refinements can be learned only by practice and perse- 
verance. No description suffices. Only by comparisons, by compre- 
hensive knowledge drawn from wide sources, can anything resembling 
perfection be reached. 

Gairdner truly says, **The popular, and to a certain extent the 
half-educated, medical mind is always looking for a pathognomonic 
sign, or a broad, striking, easy generalization from a few facts; 
whereas it is only by. ripened experience that we come to know grad- 
ually the real value of common and obvious, still more of uncommon 
and not obvious, facts when seen in combination, so as to form con 
jointly a basis for large inferences. '^ 
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METHODS. 

To the end that we may attain the objective point as above set 
down, it is of the highest importance that we proce<»d alonj? orderly 
lines. The various steps of the examintion bear a certain relation to 
each other, as to sequence, and this law of harmony should not be 
violated heedlessly. Again. I emphasize the dictum that it is only 
by minute, painstaking repetitions, by careful comparisons of sus- 
pected with healthy structures, that we may hope to arrive at reason- 
able certainty. A hasty conclusion, jumped at in one step of the 
examination, unconsciously may pervert the judgment as to other 
palpable signs, that these may bear out the false conclusion. It is 
generally agreed among workers in this field that the most orderly 
progression is the one here to be followed. 

First, a clear, succinct hisiorij of the casr should be obtained, 
keeping before the mind the leading factors of what constitutes useful 
and necessary information, never approaching the case with a precon- 
ceived idea of w^hat oufjht to be found. Nothing, perhaps, better illus- 
trates the comparative tact and talent of different examiners than 
their ability or inability to obtain leading facts. Much care is neces- 
sary' not to suggest the answer. It is well established that the com- 
plaisance of a large class of patients prompts them to give the answer 
which they believe is expected. This is especially true of hospital 
and dispensary habitues. Too much cannot be said of the present 
and future value of correct case records. That doctor's life must 
indeed be busy, who has not the time to devote to this work. In 
examining cases, a physician is necessarily guided by the circum- 
stances in which he finds the patient, as well as by his knowledge 
and experience of the condition with w^hich he is called upon to deal ; 
hence, no single method is applicable to all cases. We begin our 
inquiry by ascertaining what the patient feels to be WTong. This 
usually refers us to some one organ or part, and the local investigation 
is followed by a general survey of allied functions or organs, with 
inquiries into the manner in w^hich the present illness began, the 
previous health and kindred questions, the family history, the pre- 
vious history and the present state of the patient. 

It is well to separate the manifestations of the disorder into two 
divisions: subjective, or those of which the patient is conscious, and 
objective, those of which the examiner gains knowledge by his own 
senses. The former are classed as symptoms, and the latter as signs 
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or phynkal signs, a useful but often disregarded classification. Fur- 
ther, it is simple and natural to combine to a certain extent anatomic 
and physiologic facts in related organs. Thus the respiratory and 
circulator}' systems are not only closely allied, but have their seat in 
the thorax; while the genito-urinary system and the various organs 
of digestion are situated in the abdominal ca\ity, and may be con- 
veniently grouped consecutively. 

We bejrin with that system which, from the general aspect of 
the case, seen s to be the chief defaulter, and give it the fullest con- 
! id 'ration. Ihus, as suggested by Sir William Roberts. '*If we find 
<irthopna*a, general anasarca, and di.stended jugular veins, we begin 
wi.h tlir- circulatory system. If we find purulent expectoration, ema- 
<'lation, and clubbed finger-end.s, we begin with the respirator^' sys- 
tem. If we find albuminous urine and pale, puffy countenance, we 
begin with the urinary system,'' etc. 

Few writers on medical diagnosis, and fewer still of the sys- 
tematic writers upon medical practice, offer the student any sub- 
stantial aid upon this important subject of case investigation. Apart 
from hospital internes, the great body of students is left to work 
out its own salvation, and devisi* a method as the result of experience. 
Experience means waste. Hence we append a short synopsis, modified 
to suit our present purposes, derived chiefly from the plans proposed 
hy Sir W^illiam Roberts in his work on Israel ice, and the form pro- 
j>osed by Leach, as elaborated l)y Finlayson, from which source also 
Home of the preceding suggestions were obtained. 

SaiYK. Sfx. A(/i. Address. Occupation. Date. Preliminary 
inspection ; general information : definite inquiry as to what has 
brought the patient to seek advice: (incorporating the patient's own 
statements in so far as they are relevant.) 

Diagnosis. 



Previous History. 




Present Condition. 


1. Social. 


1. 


External. 


2. Previous Health. 
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Special Organs. 


IJ. Present Illness. 


3. 


Circulatory System. 


4. Family History. 


4. 


Respiratory System. 




f). 


Digestive System. 
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Genito-Urinary Sys 
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Under the first division we place the leading facts in ord(»r 
named : 

1. Social. 'Residence— climate — prevalence of special diseases- - 
occupation — exposure (heat, cold, chemical products, dust,) — food- 
stimulants — tobacco — drugs. Mode of life — facts about marriage — 
children — parents. 

2. Previous Health. Nature and character of previous illnesses,, 
(confined to bed — hospital — interruption of occupation) — Indica- 
tions pointing to special affections — especially rheumatism — syphilis 
(adult and infantile) — cough — ha?moptysis — anaemia (probable 
cause) — sexual disorders — gain or loss of weight. 

3. History of Present Attack. Onset — cause of symptoms — 
treatment if any. 

4. Family History. Age and causes of death — ^special diseases 
which have shown themselves. 

Under the second division, PRESENT CONDITION, are noted 
most of the signs observed or ascertained by the examiner, which we 
have classified as objective. Of necessity some of these signs fall into 
both categories, but are classed here owing to their greater signifi- 
cance. These points, in so far as they have special reference to our 
own subject are fully dwelt upon under the sections on Inspection, 
Ausculation. etc. 

1. External Surface. Posture, — temperature — appearance — 
color of skin — expression (languid, sallow, worn, wasted, flush,, 
anaemic) — nostrils — lips — arcus senilis — conjunctivie — state of nutri- 
tion — senility — presenilty. Peculiarities of development — deformi- 
ties — joints — tumors — ^swellings. Skin — oedema (where) — perspira- 
tion — rough — dry — cicatrices — rashes — discolorations — superficial ves- 
sels (especially of neck, abdomen and extremities). Hair — nails — 
finger-tips. Glandular enlargements (where). 

2. Special Organs. Disorders of vision — of hearing — (ear dis- 
charges) — other senses — with special details as they bear upon the 
case. 

3. Circulatory System. Palpation — Cardiac pain — dyspnoea — 
pulse — location of apex impact — area of impact — character — local 
bulging — neck — pulsation. Other regions. Venous engorgement — pul- 
sations — cyanosis — thrill (where) — area of percussion — dullness. Re- 
sults of auscultation at four cardinal points. Murmurs. Blood exam- 
ination. 
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4. Respiratory System. Number and character of respirations 
— dyspnoea (inspiratory or expiratory) — orthopnoea — effect of exer- 
tion — pain — couorh — sputa — voice — larynx — throat. Results of inspec- 
tion, palpation, percussion, auscultation and mensuration, with due 
attention to details mentioned hereafter in the special sections, care- 
fully describing and exactly locating all alterations — the conduction of 
heart sounds — the resistance. Xew sounds. 

5. Digesiivf System. Lips — teeth — gums (red or blue lines) — 
tongue. Fauces. Thirst — appetite — pain or discomfort after eating 
— flatulency — acidity — hiccough — vomiting (character) . 

Abdomen — walls — pain — tenderness — colic — ascites — state of bow- 
els — character of motions — abnormal constituents (worms, blood, 
pus,) — piles. 

Liver — size — feel. Spleen — size — feel. Hernia — other regions. 

6. Genito-Urinary System. Frequency of micturition — pain — 
difficulty. Special examination of urine — quantity in 24 hours — color 
— reaction — specific gravity — clearness — albumen — sugar — urea — de- 
posits. Microscopic examination and results. 

Males, strictures — specific diseases. 

Females, menstruation — its disorders — leucorrhcea — pregnancy — 
specific diseases. 

For detailed methods pursued in the examination of the nervous 
system the reader is referred to special works on that subject, in 
which they are usually fully exploited. Such notes as bear upon the 
special case may be inserted conveniently at the end of the above 
scheme. 

The order in which the steps of the physical examination should 
follow each other has already been intimated in the above plan. 
Definitely stated they are : 

(a) Inspection: 

\b) Palpation: 

(c) Mensuration: 

( d ) Percussion ; and 

(e) Auscultation. 

These complete the case record and bring us face-to-face with the 
momentous conclusion for which our work has been undertaken, — the 
Diagjiosis. 

In all rases in which a justifiable diagnosis can. he reached it 
should be recorded, as it engenders greater care on the part of the 
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examiner and carries a certain weight of responsibility. Such a record 
does not preclude a subsequent revision of opinion, and certainly it 
more definitely shapes the last step, — the Treatment. 

The first requisite of diagnostic science is a good stethoscope. 
While almost any instrument can be madt» to answer, yet comfort in 




Fig. I— Camman's Stethoscope. 

the use of the instrument, as well as satisfaction and refinements in 
the results of its use, vary widely with the choice. Avoid cheap, badly- 
made instruments, as well as heavy, cumbersome ones. See that the 
ear tubes fit naturally and easily into the ears, and that they perfectly 
close the canals. A large ear-bulb is more satisfactory than a small 
one, especially for protracted use.- A metal spring is more satisfac- 
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tory than gum elastic, for retaining the instrument in position. A too 
weak spring is annoying ; a too strong one fatiguing. The conducting 
pipes should be of the same caliber throughout, and not too small. 
The abrupt shoulder of the jointed stethoscope is an objection. The 
bell should not be too large, since a large bell does not admit of being 
evenly placed against the tissues, especially in the intercostal spaces, 
and thus extraneous sounds are admitted, which, being conducted to 



Fig. 2 — Bowie's Stethoscope, Compound Form. 

the ear of the auseultator, cause confusion. The soft rubber supple- 
mentary bell, devised to correct this defect, is not wholly a success. 

The binaural stethoscope has replaced entirely the sinprle instru- 
ment. That devised by Dr. H. K. Valentine, of Brooklyn,* is one of 
the best types with which I am familiar, and possesses the requisites 
named. The Bowles instrument is very satisfactory. The ear pieces 
do not ditter from those in ordinary use : two pieces of rubber tubing 

* Described in the Xczl York Medical Record of July i6, 1892. 
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attach them to a hard rubber Y, which is again joined by rubber 
tubing to the drum. The drum is a steel disc somewhat larger than a 
silver dollar and about twice as thick. It is pierced in the center by 
a small hole into which fits the elbow-joint pipe which connects it to 
the Y-piece. The face of the drum is slightly cupped, and over this 
concave face fits a thin, hard rubber disc which receives the sound 




Fig. 3 — The Bowie's Stethoscope. 

vibrations. The sounds are conducted with extraordinary clearness, 
and intensity, and its use is especially commended to those whose sense 
of hearing is less acute than normal. The flat disc admits of its being 
slipped under the back without disturbing the position of the patient, 
and thus may be employed when his condition forbids the use of tlie 
common type, as during or immediately after severe haemoptysis, in 
which a recent experience of my own was instructive. With its use^ 
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breath sounds may be heard in areas where otherwise they are in- 
audible, as in the subscapular region. The drum may be removed and 
the ordinary' bell be substituted when desired. 




Fig. 4 — Phonendoscope. 



The phonendoscope, of Bazzi and Bianchi. is cumbersome, ex- 
pensive and possesses few, if any, advantages over the one described. 
It is excellent for auscultatory' percussion, whereby the outlines of the 
various organs may be mapped out with great certainty. 



SECTION II. 

MEDICAL ANATOMY. 

SHAPES AND TYPES OF THE CHEST. 

The shape of the thoiax and its general capacity as well as its 
expansile powers, are intiuenced by a^e, sex, occupation, heredity and 
disease. Heredity ini[)resses its most striking as well as its stron^^est 
peculiarities upon those structures which earliest develop and earliest 
reach maturity, hence the bony skeleton is stro!ii?ly influenced thereby. 

At birth the contour of the chest is almost circular and the thorax 
cylindrical, but as development prweeds the expansion and growth of 




Fig. 5 — Thorax of Infant. S!»owing Conical Shape. 

the lungs push out the ribs in the lower lateral areas, the chest flat- 
tens and at the same time becomes conical. As depicted by Morris, 
the axillary border of the chest at the eighth month shows little or no 
vertical curvature. The relative shapes of mesial transverse vertical 
sections of the infant and adult chest are illustrated by the accom- 
panying figure. 

In old age the shape of the chest by slow retrogression approaches 
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once more the cylindrical type. Here again the most marked changes, 
take place in the inferior areas : the lower circumference showing con- 
siderable recedence while the middle zone changes least. Atrophy of 
the muscles of the shoulder girdle occurs with age, and the resulting^ 




Fig. 6 — Vertical Mesial Sections Adult Chest and Infantile Chest. 
AB and CD are parallel. 



The lines- 



Stooping posture gives rise to a seeming contraction of the upper chest 
zone which in reality is very slight. 

Types of Thorax. — Defe^'tive development combined with inher- 
ited tendencies aided by malnutrition and imperfect expansion pro- 
duce the most common of th ' vicious types of chest. Such are the 
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rickety chest and the variations thereof known as the ** pigeon-breast ' ' 
and the phthisical or paralytic chest. In its most modified degi'ee the 
rickety deformity consists simply of a flattening of the lateral areas 
of the chest with corresponding decrease in the transverse diameter. 
This results in a degree of forward bulging of the chondral area, which 
is spoken of as transverse constriction. This and the succeeding forms 
originate when the bones are still soft and pliable, and in general are 
associated with deficient expansion, which is not only a cause but a 
permanent result of the condition. 

In true rickets the chest is flattened laterally and its contour is 
trapezoidal, with the wide border posteriorly. Just outside the junc- 
tion of the ribs with the cartilages there is an oblique shallow depres- 
sion extending downwards and outwards, which transverse constriction 
makes the sternal portion of the chest unduly prominent. A shallow 
groove or curve passing outward from the level of the ensiform car- 
tilage towards the axilla is known as Harrison's sulcus, or curve. It 
corresponds with the attachment of the diaphragm to the cartilages 
and is more prominent and deeper during inspiration. Posteriorly 
the spine shows vertical curvature. The line of junction of the ribs 
with the costal cartilages presents small, nodular enlargements, gen- 
erally visible, always palpable, which appear as early as the third 
month and disappear about the fifth year. They are fantastically 
called the ** rickety rosary.'' The bones are spong\' and increased in 
size. Expansion is impaired. 

This deformity is not peculiar to rickets. Other conditions which 
interfere with free respiration produce the same deformity, particu- 
larly *en la rged tonsils, as pointed out by Dupuytren in 1828. This 
type of chest is particularly interesting owing to the predilection 
which its possessor has for respirator} disease. 

Laryngismus stridulus and other sj)asmodic affections of the 
larynx are also of frequent occurrence. 

The pigeoii or chicken breast is an exaggerated type of the above. 
The antero-lateral constriction reaches such a degree that the sternum, 
especially the lower half, is pushed far forward and a transverse sec- 
tion of the thorax appears nearly triangular. The curvature of the 
ribs lies almost entirely at their angle, whence they project nearly 
straight forward to the sternum. The lower ribs are flared out by 
the liver and Harrison 's sulcus is well marked. The lower and lateral 
regions of the chest retract with inspiration. The causes which pro- 
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duce the rickety ehait are resp<jnsjble for the chicken breast and the 
tendeticies are the same. 

The Funnel Breast. This name hu^ been bestowed bv the Ger- 
mans ("trichter bruit**) upon eases which present marked recession 
of the eosiform cartilai^. The name does not apply to cases in which 
the cartilage has been bent inward the result of occupation, but to 
those iti which respiratory obi^tr nation has r^ulted in its permanent 



Fif- 7— Types and nhas>e5 of chest. Acquire (occupational) deformity. 
irtterspaces on left side arc much wider than on the right. 



The 



^^etraction by the net of bn^iithiriL^ In such cases the lower sternal re- 
gion and intercostal ani^^lt* is distinctly excavated and retracts during 
ithgpiratian. Enlarged tonHilB^ whooping cou^h and many respiratory 
affections are ass i pried n^ causes. 

The Barrel Chest. This deformity is also called the emphysema- 
tous chest. It may occur as early as the tenth year, but is generally 
seen only in adult lif*^*. Th<* cht*st becomes rounded and barrel-shaped, 
the intercostal sfiaees are witlent^dt the neck is short and the back 
bowedj the shoulders ar.^ bent forward, the arms hang lax, giving a 
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stooping appearance to the possessor. The circumference as taken by 
the cyrtometer shows a close approach to a circle. In early life the 
change is often due to asthma, the result of naso-pharyngeal disease ; 
in later life to emphysema, the causes of which are discussed there- 
under. 

The Phthisical Chest. While Hippocrates recognized a form of 
chest as predisposing to this ailment, yet a disease so universal is no 




Fig. 8 — A normal adult male chest outline. 6th costal cartilage. 

respecter of types and it can scarce be said that the description holda 
good. 

The form of chest usually described as phthisical is the result of 
the disease rather than one of its causes. Such a chest is long, nar- 
row and flat with depressed sternum. The lung capacity is generally 
stated as being below normal, but Benneke asserts that this is a mis- 
t€Lken belief. The ribs slope downward abnormally, making an acute 
angle at the ensiform junction. All the fossae are deep, especially the 
clavicular and suprasternal, and the scapulae project wing-like from 
behind, hence the name — ^the **alar chest." 

DIVISIONS OP THE CHEST AND ABDOMEN. 
Diagnosticians divide the chest and abdomen into regions by 
imaginary lines and name the various sub-divisions for the most part 
in accordance with the underlying organs. Such sub-divisions are 
necessary for convenience in describing and locating the various or- 
gans as well as the lesions to which the parts are subject. Uniformity 
in this regard among systematic writers is most conspicuous by its 
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absence, these usually making their sub-divisions in accordance with 
fancied convenience. 

The diaphragm separates the cliest or thoracic cavity from the 
abdominal cavity. The diaphragm is attached anteriorly in the cen- 
tral line to the ensiform cartilage, to the lower border and inner 
surfaces of the cartilages of the six lower ribs. While posteriorly its 
<5rura are continued down over the bodies of the lumbar vertebrae 
the diaphragm as a partition extends only as far as the lower border 
of the ribs. It forms a vaulted roof to the abdominal cavity, arching 
on either side higher than in the middle portion where the pericar- 
-dium is attached. It rises on the right side as high as the upper bor- 




Fig. 9 — Emphysematous chest of practically the same circumference as Fig. 8. 

Note approach to circle. 

<ler of the fifth rib, and on the left as high as the top of the fifth 
interspace. Viewed from in front its line presents two domes, with a 
slight fall or **sag'' in the middle. 

MEDICAL ANATOMY. 
Regions or Spaces of the Chest. While it is presumed that the 
student of physical diagnosis is thoroughly familiar with both the 
topographical and the relational anatomy of the parts studied, yet by 
reason of the aids to description which such anatomic depictions 
furnish to the writer, as well as for the ease of comparison and refer- 
ence which they afford the reader, no work on the subject is complete 
which omits them. 
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The exterior of the trunk offers some well recognized landmarks 
which serve as cardinal points both for description and for location. 
Such are the clavicles, the nipples, the umbilicus and the ensiform 
cartilage in plain view anteriorly; and the median furrow or spinal 
gutter, the apex of the vertebra prominens, the spine of the scapulae 
and the crests of the ilia behind. 

The space above the clavicle is known as the supraclavicular fossa. 
The infraclavicular space lies below each clavicle, and while its upper 
border is sharply defined by that bone its lower border is separated 
from the adjacent mammary region only by an arbitrary line. This 
space extends inward to the sternum, outward to the shoulder, being 
bounded here by a vertical line bisecting the clavicle at its outer 
fourth. Emaciation throws the clavicles into strong relief and makes 
both the fossa and the space appear deeper and better marked. At 
the top of the sternum is the suprasternal notch. The mammary region 
extends outward from the edge of the sternum to the vertical line just 
located, and from the upper edge of the third to the upper margin of 
the sixth rib. The nipple occupies the center of the area, being either 
in the fourth interspace or, as I have more often observed it, over the 
fourth rib. The mammary line passes vertically through it and bisects 
the clavicle at its middle point. In mature females the nipple is dis- 
placed through many causes and even in the male it lacks constancy, 
hence the line is better named the midclavicular line. A second ver- 
tical line parallel with the mammary line and lying within that line is 
useful for descriptive purposes, it is called the parasternal line and 
divides the space between the nipple or midclavicular line and the 
edge of the sternum into equal parts. The iiiframammary region ex- 
tends from the sixth rib to the lower costal margin. The sternal re- 
gion is bounded by that bone. It should be noted that the length of 
the sternum is subject to considerable variation and is relatively 
shorter in women than in men. The transverse projection which marks 
the union of its first and second parts always can be felt and corre- 
sponds with the cartilage of the second rib. The sternal region is 
divided into upper and lower by the line which separates the infra- 
clavicular space from the mammary region (third rib). 

The axillary regions meet the mammary and inframammary re- 
gions in front; behind they are limited by a vertical line dropped 
from the posterior axillary fold. The same circumferential line (sixth 
rib) which divides the mammary regions separates the superior axil- 
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iary area from the inferior, which last region extends downward to 
the edge of the ribs. It is convenient to divide these regions by a 
vertical line, the mulaxUlary line, into equal parts, the anterior axil- 
lary region and the posterior region. 

The posterior aspect of the chest presents above, the scapular 
regions which are anatomically divided into the supraspinous fossa 
and the infraspinous fosscr. The parts included between the inner 
edges of these bones when the arms are pendant is the interscapular 
region. The scapiihv lie on the ribs from the second to the seventh, 
inclusive. The portion of the chest included between the lower edge 
of the ribs and a line joining the inferior angles of the scapuke is 
the infrascapular or subscapular region. As an aid to description the 
regions are bisected by a vertical line called the midscapular line, 
which name indicates clearly its location. 

Landmarks. The top of the sternum is on a level with the second 
dorsal vertebra. There is little or no lung behind the first bone of 
the sternum. The highest part of the aortic arch lies one inch below 
the suprasternal notch. The innominate arter\' lies behind and rises 
as high as the right sterno-elavicular joint. When either the aorta or 
the innominate is higher than normal its pulsations can be felt in 
the sternal notch. 

No little difficulty may bo experienced in counting the ribs in fat 
persons, hence it is useful to know that: 

1. — The transverse projection on the sternum, above referred to, 
corresponds to the center of the cartilage of the second rib. 

2. — The nipple in the male is placed either over the fourth rib, 
or between the fourth and the fifth ribs three-fourths of an inch out- 
side of tht»ir cartilage. 

8. — \Vh(»n the arm hangs at the side the lower external border of 
the pectoralis major corresponds Avith the position and direction of 
the fifth rib. 

4. — A horizontal line drawn around the chest through the nipples 
cuts the sixth intercostal space midway between the sternum and the 
spine, i. e., in the midaxillarj' line, which point is often selected for 
tapping pleuritic effusions. 

5. — When the arm is raised the highest visible digitation of the 
serratus magnus corresponds with the sixth rib. The digitations be- 
low correspond respectively with the seventh and eighth ribs. 
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6. — The lower angle of the scapula corresponds to the seventh 
rib, which is the longest rib in the body. 

7. — The eleventh and twelfth ribs can be felt even in corpulent 
I)ersons. 

(These seven points are taken with modifications from Keene's 
surgical landmarks.) 

The tips of the spinous processes of the vertebrae may be made to 
show readily as red dots by making slight friction over their points. 

THORACIC REGIONS AND THEIR CONTENTS. 

The supraclavicular region contains two structures of importance 
to the medical man, the apex of the lung and the subclavian vessels. 
The apex projects above the clavicle behind the sterno-cleido-mastoid 
and between the scalenii muscles for a distance varying from 
one-half an inch to an inch and three-quarters, (Holden). In extreme 
cases it projects above the rib as much as two inches, especially the 
left apex which is generally the higher of the tw^o. The artery crosses 
the first rib at the outer border of the stemo-mastoid muscle where it 
arches over the lung apex. By elevating the shoulder to relax the tis- 
sues the beating of the artery can be felt easily in the subclavian 
fossa. Just in front of it empties the external jugular vein ; behind 
it the internal jugular. 

The Clavicular region lies behind the clavicle. Owing to the slant 
of the ribs the inner third of the clavicle overlies the first rib, the mid- 
dle third overlies the first and the second ribs. The bone is so sepa- 
rated from the lung that no typical lung note is obtainable, yet direct 
percussion upon the clavicle, as explained further on, often elicits the 
first signs of apical change. 

The innominate artery extends upwards as high as the upper limit 
of the right sterno-clavicular joint where it bifurcates into the right 
common carotid and right subclavian arteries (Morris). The right 
innominate vein lies immediately outside of the artery. The left 
common carotid artery lies behind the left sterno-clavicular articula- 
tion and the left innominate vein passes in front of both innominate 
and carotid arteries as it traverses the space behind the manubrium 
to reach the right vein behind the first rib. Between the sterno- 
clavicular articulations lies the Suprasternal region, or Interclavicular 
notch, whose lower border is the top of the sternum. It contains tne 
trachea in the center. The vessels lying behind its joints have been 




Fig, ID—The normal Thorax* (Male adult.) Showing reference lines* MC 
Mtdclavicular line. PA Parasternal line. IF Inframammary line* IC 
Infracostal line. 

The infraclavicular spaces overlie the lung substance and as no 
otfier Htructures are in contact with the chest wall within their areaSi 
wp ^et here the typical lung sounds* The superior vena cava lies. 
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RELATION OF LUNGS TO THE THORAX 



Thelobesare outlined in red. The pleural reflection in 
biack* Note the continuation of pleura below lung border. 
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partly behind the chondro-sternal junction on the right side and be- 
hind the first and second intercostal spaces, reaching the right auricle 
behind the third cartilage (Morris). It is covered by the edge of the 
lung. The right auricle lies behind the third cartilage and in the 
third interspace beyond the sternum, but is well covered by the lappet 
of the right lung. 

The Mammary regions differ on the two sides. On the right side 
are lung, liver and heart. The entire right surface area is covered by 
lung. Beneath it lies the right border of the heart which projects be- 
yond the sternum more than one inch, almost reaching the parasternal 
line. This border lies behind the third and fourth ribs and their in- 
terspaces, covered by the edge of the lung (Luschka). A minute 
portion of the right ventricle lies in the fifth interspace close to the 
sternum, which, during forced expiration is uncovered. The liver 
rises beneath the dome of the diaphragm as high as the fourth inter- 
space, receding farther from the chest wall as it rises. 

On the left side the mammary region contains heart and lung. 
Prom the left edge of the sternum outward are the right and left 
ventricles. The left auricular appendix, at the base of the pulmonary 
artery is quite superficial in the third interspace. The external boun- 
dary of the heart on the left side is a line drawn from the point where 
the parasternal line cuts the third interspace, to a point slightly out- 
side the apex in the fifth interspace, the line curving outward and 
downward in its direction. 

All of this area is covered by lung except the tongue-shaped por- 
tion of the ventricle which is known as the area of absolute cardiac 
dullness, a small triangle whose sides are drawm through these three 
points, (a) the apex, (b) the base of the xiphoid, and (c) the junc- 
tion of the fourth rib with the sternum. 

The Inframammary region, right side. The lower edge of the 
right lung follows closely the sixth rib as far out as the nipple line, 
thence it passes slightly downward and outward to the seventh rib. 
The diaphragm rises to its highest point just inside the right nipple 
(midclavicular) line which is as high as the top of the fifth rib (Mor- 
ris), and separates the lung from the liver. The liver in this same 
line extends downward to the edge of the ribs where it can be felt on 
inspiration. . On deep inspiration its border projects still lower. This 
border may be traced upwards towards the umbilicus on an oblique 
line. In front in thf» middle line the lower border of the liver extends 
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downward to a point about half way between the xiphoid cartilage 
and the navel (Quain). My observation is that this distance is' too 
great, probably one-third being more nearly accurate than one-half, 
but the distance from the navel to the xiphoid varies greatly. For 
women the measurement given by Quain is much more nearly correct. 
Here the line of liver border is from the ninth right to the eighth 
left costal cartilage, ** crossing the middle line about a hand's breadth 
below the sterno-xiphoid articulation (Godlee). 

In order to complete the description of the liver it is only neices- 
sary to add that posteriorly it is opposite the ninth, tenth and eleventh 
dorsal vertebra?, and that on the right side it extends between the 
seventh and eleventh ribs, and in the mammary line from the fifth 
to the ninth costal cartilage. 

The Left Inframummnry region differs materially from the right. 
The left lobe of the liver extends across the sternum. Its extreme 
left point is about an inch and a half beyond the. left margin of the 
bone (Quain). The lower lobe of the left lung covers the area, 
reaching from the fifth to the seventh costal cartilage, then passing 
outward and downward. The cardiac half of the stomach rises un- 
der the left dome of the diaphragm to the top of the fifth rib and ex- 
tends outward as far as the anterior axillary line. The degree of dis- 
tention and the nature of the stomach contents influence materially its 
position. 

The Sternal region is divided into upper and lower areas. In in- 
spiration the top of the sternum corresponds to the fibro-cartilage be- 
tween the second and third thoracic vertebrae and is distant about two 
and a half inches from the spine (Ilolden). There is little or no lung 
behind the first bone of the sternum. The trachea continues down- 
ward in the central line and bifurcates behind the joint formed by 
the manubrium and the gladiolus. Lying on this bifurcation is the 
aorta, reaching within one inch of the sternal notch. Behind the 
trachea is the oesophagus. The left innominate vein crosses inune- 
diately behind the upper border of the manubrium to reach the supe- 
rior cava on the right side in the first interspace. Behind the vein 
ascend the great branches from the aorta. The lower sternal region 
is the part covered by the gladiolus, or second piece of the bone. Be- 
hind its upper area the thin edges of the lungs meet on full inspira- 
tion as far down as the fourth rib where the left lung diverges to 
uncover the heart; the right sometimes extends just beyond the mid- 




Fig. II — The Thorax, Posterior Reference Lineia. Scapiilse drawn otitward. 
A Line of division between thf lobes of the lung. B Lower limit of ]ting. 
CC Imerscaptthr lines. D Snprascripular line. E lufraacaptilar line. 
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13 — The relation of the clavicle to the ribs. 

inner portion of the right auricle and the central portion of the right 
ventricle lie to the front in this region. The lower extremity of the 
flternnm is marked by the junction of the enaiform cartilage. It 
usually recedes from the surface preseoting the depreaaion known as 
the scrobiculus cordis^ or pit of the gtomachj lying opposite the sev- 
enth cartilage. 

Immediately below the sternal region between the inframammary 
regions lies a portion of the Epigastric region. It is chiefly occupied 
by stomach and liver. The quadrate lobe of the liver lies immediately 
to the right of the umbilical line, and adjoining it still further to the 
right is the gall bladder, opposite the ninth cental cartilage, close to 





P^ ll**Tfer duphr^gin Hrhurm to thorax. The caval opening is s^m on the 
kUt liif «eM3flia|real opening oti the right of the oisiform: above it the aorta. 

Thi AjcUh/fy r^gimu an* cK*cupi€4 by lung mibstance and are 
altkcr fni tli#! Iwo Jiicleiiv The Ic^wer. or i[ifra*axrllar>% regions differ as 
til itiifir e^ffiinilii. On the right aide in the posterior axiUary line ^le 




Fig. 14 — The normal thorax, with reference lines and position of diaphragm. 

Lateral view. 
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lung reaches the eighth rib (Morris). This margin of the lung de- 
scends about an inch and a half on full inspiration (Qodlee). Hence 
the numerous discrepancies met with in description. The liver ex- 
tends below the lower lung margin to the free border of the ribs. On 
the left side the lung has the same relations as on the right. The 
spleen lies a little behind the mid-axillary line, its long axis corre- 
sponding with the tenth rib, the viscus reaching from the ninth to the 
lower border of the eleventh rib. Its anterior border is marked by a 
line drawn from the left sterno-clavicular joint to the tip of the elev- 
enth rib. The cardiac end of the dilated stomach projects into the left 
infra-axillary region. 

The Scapular regions do not differ on the two sides. They con- 
tain lung tissue. The incisura of upper and middle lobes cuts the 
fifth rib from above downward on a long diagonal. 

The Interscapular region is chiefly occupied by the dorsal ver- 
tebrae, in front of which is the oesophagus. Still more anteriorly is 
the trachea with its subdivisions as noted. The point of tracheal 
division corresponds to the fourth or fifth thoracic vertebrae (Morris). 

The Subscapular region, from the seventh rib to the inferior mar- 
gin of the thorax, for the most part covers the lungs. Holden sajrs, 
* * Opposite the angles of the scapulae, the arms being close to the sides, 
the lungs extend to the tenth ribs.'' 

It should be emphasized that the pleural sac extends lower down 
than the lung all along the lower margin of the thorax. Thus, near 
the sternum the lower margin of the sac stretches along the seventh 
rib cartilage; in the axillary line it reaches the lower margin of the 
ninth rib ; posteriorly it reaches as low as the twelfth rib, which cor- 
responds to the tip of the eleventh thoracic spine. 

Holden calls attention to the ease with which tapping of the 
pleural sac may be performed between the eleventh and twelfth ribs, 
**but not with a trochar, since a trochar would penetrate both layers 
of the pleura and go through the diaphragm into the abdominal cav- 
ity. The operation should be done cautiously by an incision begin- 
ning about two inches from the spine, on the outer border of the erec- 
tor spinae on a level between the spines of the eleventh and twelfth 
thoracic vertebrae. The intercostal artery will not be injured if the 
opening be made below the middle of the space, which is very wide." 

The vertical field of the kidneys corresponds to the last thoracic 
and the two upper lumbar vertebrae, the right lying in most cases 
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from a third to a half inch lower than the left, but exceptions to this 
rule are frequent. They extend inward far enouprh to overlap the 
tips of the transverse processes of the vertebrae named. 

The spleen slightly overlaps the left kidney opposite the upper 
half of the kidney's outer border. If the hiatus diaphragmaticus is 
well marked the kidneys come into relation with the pleura, the dia- 
phragm intervening. 

The cardiac orifice of the stomach lies to the left of the body of 
the ninth dorsal vertebra (Ilolden). 



SECTION III. 

PHYSICAL EXAMINATION. 

INSPECTION. 

Inspection is the art of observation. Minute differences which 
the novice utterly overlooks may be detected readily by the trained 
eye, and valuable information gained thereby. Indeed, it is often 
possible merely by inspecting the chest to make a near approach to a 
correct diagnosis. By inspection we recognize changes in size, form 
and symmetry. In order to give full weight to inspection it is nec- 
essary that the chest be uncovered to as great an extent as may be 
possible without undue risk to the patient by reason of exposure, or 
unduly wounding the modesty of young females. Place the patient 
in the best obtainable light ; when the condition of the patient admits 
it is preferable that he stand or sit, since the recumbent posture is not 
80 favorable for observation. 

The first point to be observed is the type of the chest, whether 
long and narrow, flat and shallow, or deep. The normal chest is 
symmetrical and the diameters well-proportioned. The interspaces 
are equal and the clavicles none too prominent. Note especially the 
antero-posterior diameter and compare it with the transverse diam- 
eter; carefully compare the two sides as to symmetry or asymmetry, 
giving especial attention to the anterior, upper surface. Depression 
here may indicate tuberculous deposits; local bulging in this region 
may be indicative of aneurysm. Bulging in one lateral area may be 
caused by a pleural effusion, while retraction of some part may have 
resulted from previous disease of the lung or pleura. Note anteriorly 
the outlines of clavicle, sternum and rib, giving attention to inequali- 
ties of the interspaces and the degree of obliquity of the ribs; note 
whether the type of respiration be costal or abdominal; whether ex- 
piration is longer than inspiration ; whether the intercostal spaces are 
equal and well-marked ; whether the impact of the apex of the heart 
is perceptible. (Displacement of the heart from various causes is dis- 
cussed under diseases of that organ. Uncovering of its anterior sur- 



48 PHYSICAL EXAMINATION 

face by retraction of the upper lobe of the left lung is referred to 
under Tuberculosis.) Being familiar with the movements of the 
healthy chest, you will note changes in the rhythm, frequency and 
force of both heart and lung movement. All the above observations 
should be made during quiet, natural breathing; whereupon the pa- 
tient should be instructed to essay forcible inspiration and expiration, 
during which the entire category should be repeated, and careful 
comparison made with the former set of observations. During the 
period of forced inspiration note carefully the expansion of the tho- 
racic walls, whether it be a uniform, expansile effort, or shows irregu- 
larities, as occur in phthisis and after pleurisies; or whether it be a 
cage-like rise and fall of the entire chest structure, with little or no 
true expansion, as in emphysema. On the posterior aspect of the 
chest note whether there are any deviations from the straight line of 
the vertebral spines ; the distance of the inner borders of the scapula 
from the spine; whether the lower angles are on corresponding levels 
on the two sides; and whether both or either of these bones project un- 
duly from the body. A valuable sign of pneumonia in children is the 
lack of expansion just beneath the clavicle on the affected side. 

Three types of breathing are recognized: abdominal, superior 
costal, and inferior costal. In women, as the heritage of the corset, 
superior costal breathing is the usual type. In men, abdominal. In 
the normal chest the expansion is ecjual on the two sides, and all the 
thoracic diameters increase with inspiration. In disease the expan- 
sion may be unequal. If the thoracic walls become fixed, the expan- 
sion is chiefly affected by the descent of the diaphragm. It is to be 
remembered that few persons are perfectly symmetrical; usually in 
right-handed persons the right side is more developed than the left, 
while in left-handed persons the opposite obtains. A corresponding 
slight deviation of the spine is very common and cannot be considered 
as unnatural. A considerable degree of alteration in the form, move- 
ments and size of the chest may occur without serious embarrassment 
to the contained organs and without interfering with their healthy 
functions. Few of us have not been struck by the extent to which 
the ravages of disease may affect an organ, and yet it be able to per- 
form its allotted duty. 

Alterations in Chest Walls Produced by Various Diseases. By 
inspection alone we may detect the presence of various diseases, or con- 
clude that the patient has been affected by them at some more or leas 
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remote period. Thus, pleurisy often leaves an indelible stamp upon 
its victim. In the pre-effusion stage, and even when only slight eflCu- 
sion is present, there is no apparent change in the size of the chest, 
but the movements on the affected side will be somewhat restricted 
and those of the sound side proportionately increased. In the lesser 
degrees it is difficult to detect this change by the unaided eye. The 
respirations are not full and free but terminate abruptly, with a catch, 
as it were, by reason of the pain which develops when a certain de- 
gree of expansion is reached. This sign is not distinctive of pleurisy, 
as it is often present in herpes zoster and intercostal neuralgias. 

Irregularities and contractions show the ravages of previous at- 
tacks of pleurisy. Old sinuses may exist. Flattened areas, exaggerated 
interspaces and over prominent fossae may be the result of tuberculosis. 
A conical sweling in the upper area may be the first intimation of an 
aneurysm of the aorta. 

Meiisuration. Mensuration, as applied to diseases of the chest, 
furnishes certain data as to shape, size and capacity. By its means 
the actual outline of the chest is ascertained; the relative measure- 
ment of the two sides, a comparison of its various diameters, and the 
amount of expansion are determined and may be recorded. 

The instrument used for determining the outlines of the thorax 
is the stethometer of Quam, or the cyrtometer. The latter consists of 
two thin flat strips of lead, each about twenty-four inches in length, 
joined together at one end by a piece of rubber tubing. The joint is 
applied over the spine of a vertebra at the desired height, and the 
flexible strip accurately molded to the chest walls, noting the points 
where they overlap by a scratch on the bands made over the middle of 
the sternum. The pieces are removed without disjointing, and a trac- 
ing made on a large sheet of paper. The antero-posterior diameter is 
marked from the joint to the line of overlapping, or may be meas- 
ured by calipers. The semi-circumferences, the transverse diameters, 
and other measurements are made from the tracing. Deviations in 
the two sides are strikingly brought out by superimposing the trac- 
ings, which may be done by folding the paper and holding it towards 
the light. The semi-circumference increases in cases of intra-thoracic 
growths, or during the accumulation of pleuritic effusion. It de- 
creases in the course of pulmonary tuberculosis, in the deformity fol- 
lowing the removal of fluid, and from many other causes. 
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For ascertaining the relative expansion of the two sides, tapes 
joined at the back serve an excellent purpose. 

Gain or loss of flesh and muscle affect the chest measurements, 
a fact which is to be taken into account during treatment to re-estab- 
lish pulmonary expansion, and it must not be forgotten that in right- 
handed individuals the right semi-circumference of the thorax may 
exceed the left by as much as an inch. 

For ascertaining the comparative outlines of the two anterior 
surfaces of the thorax, and for making records of the same, I have 
used with much satisfaction thin, narrow lead strips. The strip is 
applied vertically so that one end projects over the clavicle, and ex- 
tends downward to the edge of the thorax. Its relation to the nipple 
being noted, it is carefully molded over the clavicle and ribs. A trac- 
ing of each side is then made. Differences imperceptible to the naked 
eye are brought out, but what is more important, future changes are 
detected. The method is especially valuable in incipient phthisis. 

Palpation. Palpation is an endeavor to obtain information of the 
physical condition through the medium of the sense of touch. It con- 
sists of laying on the hands, or in bringing the finger tips into eon- 
tact ^ith various regions of the body. In localized diseased conditions 
the tips of the fingers should be applied, as the larger area of the 
palmar surface is not so suitable for differentiating between circum- 
scribed localities, and is less sensitive than the tips. As a means of 
palpation between the ribs, the ulnar surface of the hand affords an 
excellent means, owing to its high sensitiveness and the readiness with 
which it fits into the intercostal depressions. 

When the hands are brought in contact with the thoracic wall 
overlying the lung, and the patient made to speak, a distinct succes- 
sion of vibrations is communicated to the hand. This is known as 
tactile fremitus.* The strength of the vibrations varies in both health 
and disea.se from the faintest tremulousness to strong well- 
marked, separated vibrations. In health the character of the voice 
materially influences their strength, the vibrations being better 
marked in low-pitched, deep-voiced men than in higher voices; 
stronger in men generally than in women, and weakest in children. 
The amount of tissue overlying the lungs influences this fremitus, 
and the vibrations are more appreciable in thin persons than in fat 



*'rhc phenomenon is indiscriminately called by some writers tactile fremitus 
.ind vocal fremitus. 




and tubercular deposits. On the other hand, conditions which sepa- 
rate the pulmonary tissues from the chest wall, nr diseases accom- 
panied by a diminution of the normal puhnonarj^ density, lessen the 
fremitus, or even obliterate it. Thus, when a layer of air or fluid in- 
tervenes between the periphery of the luog and the parietal wall, as 
occurs in pleuritic effusions, plastic pleuritic thickening; pneumo- 
thorax and in solid tumors the fremitus is decidedly lessened or Is 
totally absent. In health the fremitus is most marked on the right 
tide just below the clavicle where it is stronger than in the corre- 
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sponding left ar^a, probably dtte to the anatomieal fact that the rigjit 
broQchtis is of larger caliber, is stralghter and enters the lung on 1 
somewhat higher level than ita felJow; Posteriorly, in the right supra^ 
acapalar fosia the fremitua m greater thao oq the opposite side, for 
the same reason. From this fact it may be dedniBed that if the tactile 
fremittiM in well-marked and equal on the two sides in the areas named, 
then it in imreased on the left side, and further evidences of diseaaa 
should be sought for at the left apex. If fremitus is weakened bat 
equal on the two sides it would indicate diminutmn oti the right side. 



Fig* 17 — Differentia! palpation of apices of l|.ings, 

i 

When the bronchial tubes are more or less occluded by the ad- 
herence of tenacious aecretions or by stenosis, vibi^tions similar in 
character to the voice vibrations, produced by the passage of the air 
through the broncbi, are communicated to the hand. This is called 
rhofwhial fremitus. Tt is often present in bronchitis, and is particu- 
larly frequent in ebildreM suffering with the disease. The (conditions 
necessary for its production are the same as those which produce the 
r&ka heard on auscultation. 

Fremitus produced by coughing is called iussile. Advantage may 
sometimes be eonveniejitly taken of crying spells in young children 
to determine the presence or absence of erjnng and tussile fremitus. 

Frieiifm frrmttusi results when two inflamed surfaces of the 
plenra are rubbed together^ and is often present during the dry stage 
of pleurisy. More rarely it is due to pericardial or peritoneal fric- 
tion, which however may sometimes be felt. 

Next in importance to fremitus as a contribution to our knowl- 
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edge by palpation ranks the location of the cardiac apex, as indicated 
by the position of the impulse. Even when visible on inspec- 
tion it may be more accurately located by palpation, and a considera- 
tion of the many diseases which affect its character and location will 
impress on one's mind the extreme importance attached thereto. 
Fowler says : * * The position of the cardiac impulse is the key to the 
diagnosis of many affections of the chest.'* 

Other information gained by palpation is a recognition of the 
degrees of resistance offered by various organs, and especially re- 
sistance due to increased density of an organ. The finger-tips may 
detect the presence of pulsation or vascular thrill, as of an aneurysm, 
crepitation caused by air under the skin, or crepitus, such as results 
from a broken rib. 

The relative length of the exj.ansile excursion on breathing may 
be appreciated by many better by palpation than by inspection. Hy- 
pera?sthesia and tenderness are revealed by palpation. 

THE PULSE. 

Much valuable information is gained by a careful study of the 
pulse, which with many becomes such a routine procedure that the 
gains are minimized. Intelligent palpation of the pulse enables us to 
recognize the febrile state, to estimate the general strength of the 
patient during the course of disease, as well as to suspect solely from 
its character the presence of various conditions and complications. 
The three chief factors which are to be noticed in examining the pulse 
are the frequency, the quality, the rhythm. 

The frequency of the pulse is easily a.scertained in general 
although it is possible for it to attain a rate so rapid as to be uncount- 
able. The right radial artery is chosen for convenience and the ex- 
aminer's left finger tips are lightly superimposed. The count is made 
during fifteen or thirty seconds, unless great accuracy is desired, when 
the beats are counted during one or two minutes. The normal pulse 
rate for healthy adults is usually stated as being seventy-two per min- 
ute, but the rate is sometimes higher and often much lower. The 
pulse is more rapid both in childhood and in old age, and varies much 
in different individuals of the same age. Eichhorst 's figures are given 
thus, slightly modified for ease in memorizing: — first year, 135 per 
minute; second year 110, falling to 100 at the fifth year; then fall- 
ing two beats per year for the next five years, giving us 90 at the 
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tenth year; reaching 72 between the fifteenth and twentieth year, 
where the rate remains stationary' until the sixtieth year, rising slowly 
year by year thereafter. 

Many conditions aside from disease influence the pulse rate, 
either increasing or diminishing it. Thus alcoholic stimulants in- 
crease it and their persistent use brings about a maintained high pulse 
rate. Tea and coffee increase both the force and frequency of the 
pulse, as does the taking of food, while fasting diminishes both. The 
effects of exercise, excitement and emotions of an exhilarating nature 
are well known, while depressing emotions, fear and shock diminish its, 
rate, as do rest and sleep. Quiet sleep, recumbency, sitting, standing 
and moving each successively augment the puLse in the order named. 
High temperatures and high atmospheric pressure increase, while the 
opposite conditions diminish the rate. Deep breathing and coughing 
increase the volume as well as the number of beats. The pulse is in- 
fluenced by drugs, and it is wise to ask what medicines have been taken 
before estimating the pulse value. Digitalis is the commonest drug 
used to slow the heart; belladonna has an opposite effect. 

The pulse during the twenty-four hours describes two well-defined 
cycles which vary greatly in different persons, although showing 
considerable constancy in the individual. These show a morning and 
an evening maximum, and an afternoon and a night minimum rate. 
In incipient phthisis the day cycle is often reversed. 

Morbid changes which inHuence the pulse rate are too many to 
be enumerated fully, but a few may be mentioned with profit. All 
inflammatory conditions and fevers raise the rate, and in uncompli- 
cated fevers the pulst* rate increases about 8 to 10 beats for each de- 
gree F. above the normal. This rule is not applicable to persons who 
were the subjects of disease prior to the onset of the fever. In such 
the rate rises in a much higher ratio. The various infective processes, 
pyaemia, septicaMiiia, tuberculosis and the like are all attended by rapid 
puLse. Increased intra-thoracic pressure from almost any cause ac- 
celerat(\s the pulse, apart from the inflammatory' action which may 
be the cause of the pressure; thus effusions, obstructions caused by 
disease of lung or pleura, enlarged glands, so act. In incipient 
phthisis the pulsp amstantly augments long before (he temperature 
curve shows its characteristic rise. Pain increases the rate; so also 
does pneumogastric paralysis, as from glandular or aneurysmal pres- 
sure. The rapi<l pulse of exophthalmos is one of the three classic 
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symptoms of that malady. Most anaemias are attended by rapid pulse. 
The technical title is pulsus frequens, 

A diminished pulse rate, while less frequently a manifestation 
of morbid processes, is perhaps more si^ificant than its opposite. 
The absorption or presence in the blood of certain substances manu- 
factured within the organism, as urea, bile, bile pigment, etc., slow 
the pulse. Cardiac degeneration, especially if accompanied by dis- 
ease of the coronary arteries, some forms of valvular disease and affec- 
tions of the myocardium, very generally slow the pulse. Of the valve 
lesions, aortic stenosis stands first in this relation, followed by mitral 
stenosis. All forms of weakness, especially post-febrile and post- 
hsemorrhagic debility, influence the rate in the same manner. A large 
percentage of epileptics, as pointed out by Craig, are the subjects 
of valvular heart diseases; but aside from this they furnish a pulse 
rate most striking for its slowness. Wood records a rate of 8 to 10 
per minute. All forms of disease of the brain and meninges accom- 
panied by increased intercerebral pressure, retard the pulse. Lead 
intoxication slows the pulse. Many other conditions will also fall 
within the experience of the practitioner. The condition is spoken of 
as pulsus ranis, but in extreme slowness the precaution of counting 
the systolic contractions of the heart always should be observed, as the 
wave may not reach the extremity. 

The quality of the pulse depends upon the balance maintained 
between its size, its strength and its fullness. The amount of expan- 
sion which the artery undergoes depends upon the strength and the 
fullness. The strength varies with the strength of the cardiac con- 
traction, and the fullness with the amount of fluid pumped into the 
channels. The latter is much influenced by the state of the venous 
system. Without material difference in the rate the artery may swell 
gradually under the finger, or the vessel may fill with unwonted sud- 
denness, to subside as quickly as it arose. Such conditions often point 
to organic diseases of the valves. 

The last described of these conditions, spoken of as the pulse of 
unfilled arteries, the recedent pulse, or pvls'us celer, often enables us 
definitely to recognize aortic incompetency. The peculiarity is made 
more strikingly manifest if the patient's arms are raised vertically 
above his head while examining the radials. With this pulse is often 
seen marked pulsations in the vessels of the neck and elsewhere. It 
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is called Corrigan's pulse, from its describer. Its sudden, slapping, 
jerky character has given it the name, ** water-hammer pulse." 

States of high arterial tension give us a hard, full pulse. The 
vessel walls are not hard, yet the pulse may have a cord-like feel. The 
radial pulse may be misleading, as it is sometimes anomalous, and is 
easily pressed upon by clothing. 

We estimate the strength of the pulse by the amount of pressure 
of the fingers necessary to obliterate it. A really weak pulse is ac- 
companied by a diminution in intensity of the first sound of the heart, 
without much change in the intensity of the second sound. Obstruc- 
tion in front as Avell as increase of the vis-a-tcrgo give us a hard pulse, 
hence mitral stenosis, aortic insufficiency, contracted kidneys, hepatic 
cirrhosis and many othtT conditions produce it. The distinction be- 
tween a hard pulse and hardness of the arterial coats due to sclerosis, 
should be borne in mind. The differentiation is simple. 

Pulse Rhythm. In health the pulse is perfectly regular. How- 
ever, during sleep, esi)ecially in children, intermissions may occur 
which are in no wise due to deleterious influences. The study of the 
pulse often shows a distinct intermission recurring at regular inter- 
vals, as the loss of a beat at every fourth, sixth or eighth contraction; 
or the intermission may be irregular. The pulse may be affected 
without the heart being correspondingly involved, or the heart beat 
also may be abortive. Sometini(\s several slow pulse beats are fol- 
lowed by two or three rapid ones. The significance varies greatly. 
Excessive use of tobacco is one of the most common causes of ar>i;hmie 
pulse. Arhythmia is sometimes a premonition of oncoming cerebral 
disturbances. It is common in pericarditis, especially of children, and 
in many forms of heart disease, particularly fatty heart, of which it 
is, perhaps, the most pronounced sign, of mitral disease and various 
functional disturbances, as flatulency or dyspepsia. It is prone to- 
occur during convalescence from debilitating diseases, where its sig- 
nificance is less ominous than its occurrence during the height of the- 
ailment, when it often portends heart failure. 

The pulse of the two sides may show want of symmetry, as often 
occurs in aneurysm of the arch of the aorta causing obstruction of 
some of the branches. Owing to the same cause the two pulses may 
not be perfectly synchronous. Embolism may cause diminution or 
obliteration of the pulse, but in such cases a careful search for anoma- 
lies should be made. 
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THRILL. 

In mitral and aortic disease a distinct thrill is sometimes imparted 
to the pulse, and should always suggest the causative factor. 

Dicrotous Pulse and Pulsus Bigeminous. Sometimes a curious 
double beat may be felt by applying the fingers very lightly over the 
artery. It is not uncommon during convalescence from fevers, espe- 
cially typhoid. When the two beats follow each other closely, it is 
called **bigeminous''; generally the second beat is weaker. The 
sphygmograph more clearly shows these peculiarities. Its significance 
is not particularly important. 

VASCULAR PHENOMEINA. 

A study of the various phenomena exhibited by the veins and 
arteries is both interesting and profitable although much neglected by 
the student in general. 

The veins from the examination of which may be gained most 
information are those of the neck, especially the internal and external 
jugulars, although the superficial veins of the chest, abdomen, legs 
and other parts are capable of imparting many supplemental facts. 
The phenomena presented are studied by inspection, palpation, and 
auscultation. 

I. Venous Pulsation. On inspection there is often present a 
visible throbbing in the veins of the neck, the internal and external 
jugulars being especially the seat of pulsation. By reason of the 
direct connection with the superior vena cava, the right internal jugu- 
lar is more apt to show pulsation than its fellow. The significance of 
the venous throb in the neck has been referred to under cardiac in- 
spection. The vena3 innominatae or brachio-cephalic sinuses at the 
root of the neck, just behind the clavicle, should be carefully exam- 
ined. Palpation may reveal pulsations which are invisible. 

II. Enlargement of the veins is of common occurrence and may 
be temporary, permanent, variable or intermittent. Kinking, knotting 
and varicosities are present. They are far more common in women 
than in men, and become more apparent with the advance of age. 
Permanent enlargement of the veins results from dilatation or con- 
tinued engorgement of the right heart, from tricuspid regurgitation, 
from obstruction affecting a large venous channel as the cava. Such 
obstruction may be caused by extreme pressure from an enlarged 
organ, as occurs in hepatic cirrhosis, by a new growth, such as a tumor 
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or an aneurysm, or from occlusion of the vascular lumen by a throm- 
bus or an embolus. The enlargement may be due to the communica- 
tion of an aneurysm with the superior cava, of which accident Pepper 
and Griflfith have collected twenty-nine cases.. ** Cyanosis, cedema and 
great distention of the veins of the upper part of the body, being the 
most frequent symptoms. ' ' 

Thrombosis of the portal vein may occur as a sequence of cirrhosis 
or syphilis of the liver, or be caused by cancer or by sclerosis of the vein 
itself. The condition is known as adhesive pylephlebitis. Intense 
engorgement of the entire portal system rapidly follows. The super- 
ficial abdominal veins are distended and tortuous. Ihematemesis, 
melaena, ascites and enlartrement of liver and spleen give intimations 
of the condition. A definite diagnosis is rarely reached during life. 
The distention of the cervical veins during cough is a familiar spec- 
tacle, but during the course of diseases which permanently enlarge the 
veins, and thus produce insufficiency of the valves, the swelling is much 
incr<*ased during the act and even may be alarming, as in a recent case 
of my own of a patient in the terminal stages of phthisis. In extreme 
cases the pulsation can be both seen and felt. An easy method of de- 
termining whether the pulsation is transmitted or is due to filling 
from below is to make just sufficient pressure on the vein to obliterate 
its lumen at its lowest palpable point in the neck, then to slide the 
finger upwards for a short distance with only sufficient force to empty 
the vessel. If the vessel fills from below it does so with a jcfk which 
is synchronous with systole and the carotid pulse. The external jugu- 
lar offers the best opportunity for the trial. 

Venous distention increases during expiration and diminishes 
during inspiration. As already mentioned, tricuspid regurgitation 
and right-sided engorgement and hypertrophy are the most potent 
causes of the phenomena. Insufficiency of the valves within the veins 
has been discussed. Friedreich's diastolic collapse as a sign of pericar- 
dial adhesion is described elsewhere. Venous pulsation is often seen in 
chorea and chlorosis. The venous engorgement, particularly of the 
small veins of the thorax, in emphysema is mentioned thereunder. 

Most cardiac valvular diseases, especially when accompanied by 
lack of compensation, produce venous engorgement, of which local and 
general (edemas are the sequels. 

The enlargement of th(» veins around the umbilicus, known as the 
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caput meduscOf is due to thrombosis or obliteration of the portal vein^ 
as occurs in cirrhosis of the liver. 

In phthisis venous pulsations are common, an occasional situation 
being the back of the hand. 

VENOUS MURMURS. 

Auscultation. The ** bruit de diable'* of French writers, the venous 
hum of American authors, is often present in health, but is generally 
accepted as significant of anaemia wherein its intensity furnishes an 
index of the grade of the anaemia for the particular case ; that is to say^ 
that while it varies widely in the different forms of aniemia, and in 
different individuals, yet in general its intensity lessens with improve- 
ment and increases with increase in the malady. 

The bruit is best heard at the junction of the right subclavian 
with the jugular vein, the head being twisted slightly to the opposite 
side. The murmur is not interrupted as is the arterial murmur, but is 
continuous. Its quality varies and the names descriptive thereof are 
as numerous as those chosen to describe valvular lesions. It is usually 
humming or buzzing, or rustling, but may be musical, singing, piping 
or whistling. Pressure of the stethoscope produces it in health and 
pressure intensifies it when otherwise present. It is strongest during 
inspiration and during cardiac systole. It diminishes and may disap- 
pear on lying down and is loudest when the patient is erect. Some- 
times a venous thrill is felt in the vessels of the neck in cases of 
extreme anaemia, but is quite rare. 

Time of Venous Pulsations. The venous pulse as observed in the 
external jugular is either presystolic or systolic. It may be timed 
by the carotid pulse. The presystolic pulsation is spoken of as the 
negative pulse. The vein collapses with the heart's systole and refills 
before the next systole. The collapse is synchronous with the apex 
beat, hence the refilling is synchronous with the auricular contraction 
which closes diastole and is presystolic. 

The systolic venous pulse, spoken of as the positive pulse, is 
synchronous with the apex beat. It is most apparent in the right 
internal jugular vein and is a very important and positive sign of 
tricuspid regurgitation. To a lesser degree other veins are affeiitod 
and show throbbing. In the form of valvular deficiency just men- 
tioned this pulsation is produced by the systole of the right ventricle 
projecting a current of blood through, the insufficient tricuspid valvo 
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at each contraction, over-distending the ah-eady filling auricle and 
projecting the blood still farther into the ascending cava whose open 
mouth is unguarded by valves. 

A similar blood wave traverses the inferior cava and gives rise 
to pulsations in the liver produced and explained in the same manner 
and having the same time as the jugular pulsations. The change in 
the volume of the organ which occurs with expansion and contraction 
of the heart may sometimes be distinctly felt and even seen. Ofttimes 
the throbbings are painful. 

The phenomenon is best appreciated by placing one hand over the 
fifth and sixth interspaces at the junction of the costal cartilages and 
the other over the liver in the mid-axillary line, when the rhythmic, 
systolic expansile pulsation is felt easily and can be distinguished 
readily from the systolic depress^ion of the liver caused by communi- 
cated pulsations from the hypertrophied right ventricle, which is non- 
expansile. 

ARTERIAL MURMURS. 

Through the large arteries the sounds of the heart are transmitted 
for a considerable distance by the blood current and have the quali- 
ties of the sounds as heard at the aortic valves. The intensity dimin- 
ishes as would be supposed as we recede from the point of origin. In 
the neck over the seat of the common carotids or the subclavian artery 
both heart sounds are distinct, but the sound made by the closure of 
the aortic valve, the cardiac second sound, is the more evident. The 
first heart sound is here faint and of low pitch. 

Over the exit of the femoral arteries from under Poupart's liga- 
ment the aortic valve sound may often be distinguished in health, but 
disappears before Hunter's canal is reached. At the ligament the 
first heart sound can not be heard. 

Arterial Murmurs due to Disease. Just as pressure with a steth- 
oscope upon the trunk of an artery causes a murmur to appear, so 
pressure arising from various causes as tubercular deposits, new 
growths, enlarged glands, thyroid tumors or aneur>'sms occasion 
urterial murmurs. 

Diseases of the vessels which change their caliber or destroy the 
resiliency of their coverings produce murmurs, hence the aneurysmal 
bruit and the murmur associated with extensive atheroma. This dis- 
ease is prone to attack the aorta just beyond the sinuses of Valsalva, 
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and many a case of supposed aortic valvular disease is in reality due 
to the bruit or the thrill caused by the calcification plates. Congenital 
narrowing of the vessels operates in the same way as external pressure 
to produce bruits. Thrombosis may also cause a murmur. The uter- 
ine bruit which accompanies the formation of the placental sinuses 
during pregnancy is a familiar example of vascular murmur. 

In aortic insufficiency the vascular phenomena are characteristic 
and it is possible to make a diagnosis of the disease by inspection 
and palpation alone. Thus : 

On Inspection a visible pulsation is seen in the peripheral vessels, 
arteries, veins and capillaries, and often the face or hands are seen 
to alternately suffuse and pale with the heart action. The capillary 
pulse is seen in the finger nails or along the margins of a light scratch, 
or by pressing a microscopic slide against the everted mucous mem- 
brane of the lower lips, as suggested by Shattuck. The arteries pul- 
sate forcibly, the carotids swell and throb, the aorta behind the supra- 
sternal notch rises and suggests aneurysm, the abdominal aorta lifts 
the epigastrium with each beat. The temporals and radials fill with a 
vermicular twist and jerk, followed by instant collapse. The ophthal- 
moscope shows the same phenomena in the retinals. 

Palpation. The finger feels a short, quick, hammer-like stroke, 
followed by rapid recedence. When timed with the apex beat the 
radial pulse shows a distinct retardation. 

Auscultation. In the carotids and subclavians a double murmur 
is heard, and the second aortic sound may be audible here, even when 
absent at the aortic cartilage. Duroziez calls attention to the double 
murmur heard in the f emorals. 

Tyson mentions a vascular sign described by Traube, occurring in 
aortic regurgitation as the result of the sudden change of pressure. 
**This is usually a double sound, of which the first element is ascribed 
to the rapid distention of the artery by a blood wave which throws its 
walls into vibration. A second sound occurs with a cessation of the 
pressure." 

Intermittent venous murmurs are spoken of by some authors; 
they must be of rare occurrence. 

THE SPHYGMOGRAPH. 

Numerous instruments have been devised for the graphic repre- 
sentation of the pulse in the human being. Marey's sphygmograph 
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is one of the oldest, but is still most used. Richardson's or Dudgeon's 
modification of Ponds' American sphygmograph is the simplest form 
for the clinician. By means of the instrument a graphic record of 
the pulse is made in the form of a tracing, which shows a saw-like 
series of elevations and depressions corresponding to the vibrations in 
the pulse wave. 

The elevations correspond to the onset of the wave, the depres- 
sions to its recedence. Hence variations in the tracing graphically 
show differences in the temporary rise and fall of arterial pressure, 
the rate at which successive waves pass a given point, as well as varia- 




Fig. i8 — Dudgeon's Sphygmograph. 

tions in their rhythm. The primary blood wave, caused by the cardial 
systole is followed by several succeeding waves of lesser degree, called 
secondary waves. The chief of these is the rebound in the blood cur- 
rent caused by the sudden check, produced by the closure of the aortic 
valves, named the dicrotic wave. A lesser wave, supposed to be due 
to the stoppage of the backward flow towards the heart of the aortic 
current, by the closure of the valves, is called the predicrotic wave. 
Perhaps the following explanation will render clear the difference in 
the two waves. The systole forces the current up hill into the aorta. 
A portion of the fluid obeys the impulse to return. The gates close. 
The first influence felt by the column in the arteries is the stoppage — 
the predicrotic wave. The second effect is the rebound — the dicrotic 
wa\c. This dicrotic wave is increased by the natural resilient recoil 
of the elastic aortic walls, dilated by the primary current, which 
occurs just in time to catch the second wave. Lesser waves due to 
this resiliency follow the dicrotic wave but are of less moment. 
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The dicrotic notch is due to the cessation of the inflow with each 
systole, causing a momentary falling off of the pressure, the fall being 
modified by the influences just named. 

When the arterioles are constricted, the dicrotic notch is lessened 
and we have the curve of hijh tension, pulse such as (K'curs in Bright 's 
disease. When the arterioles are widely dilated, the dicrotic notch is 
exaggerated and we have the low tc^nsion characteristic curve. Before 
making the tracing it is well to nu^asure the varying degrees of pulse 
tension by the sphygmometer. The pressure of the instrument is ad- 
justed accordingly. In pulse of low tension, slight pressure gives the 
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Fig. 19 — Normal pul^e tracing. 

best results and too much pressure extinguishes the tiacing. In high 
tension pulse, rather strong pressure of the spring button gives the 
best results. 

Ax, entrance of the stream into the aorta. This up-su oke is called 
the anacrotic stroke, or percrssion stroke, and is due to the sudden 
dilatation of the artery by the primaiy blood wave. The hypersensi- 
tive lever is carried too high, and in reality .should have stopped at s. 
The lever begins to fall but is overtaken by the predicrotic wave on 
the catacrotic side of the tiacing and carried to ij — , the real summit 
of the pulse wave. Hence omitting the false movement of the lever, 
axy, represents the real upward or anacrotic curve, ky, represents the 
predicrotic notch, ?/, represents the point at which the ventricular 
stream ceases, when the positive pressure remits and the negative 
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wave, ('aused by the sudden eessation of inHowini; blood, and the first 
slight reflux bejrins. This eessation of pressure allows the lever to fall 
to w. \\\ is the point of closure of the aortic valves and is synchronous 
with the second sound of the heart. \Vz, is the positive wave or re- 
bound due to the closure of the aortic valves and corresponds to the 
true dicrotic wave, hence i/wz, is the dicrotic notch, sometimes called 
the aortic notch, owinjr to the manner of its production. The slight 
curve at m, is due to the resilient waves which succeed the aortic or 




Fig. JO — Pulse of constricted arterioles. Hij?h tension pulse. 

dicrotic wave. Since this curve m, is produced during diastole, it is 
sometimes caled the diastolic notch. 

The Pnls( of High Arinial Tt nsitm. The pulse of constricted 
arterioles, the hiph tension arterial pulse, called by Sansom the pulse 
of prolonged arterial tension, differs from the normal pulse in that a 
notch is formed at the top of the curve and the maximum altitude of 
the lever may be reached afffr the notch. Yeo explains this phenom- 
enon on the frround that the first reflected wave is [>ositive instead of 
negative, in the case of constricted art«MMoles, and is therefore added 
to the percussion stroke, reaching it just as the lever begins to fall at k 
•md carrying it to //. thus broadening the top of the primary 
^urve, and this pulse is named the anacrotic pulse. The aortic or 
"iicrotic notch, wz, is lesst^ned as the dicrotic wave is lessened in these 
conditions and the i)ost-dicrotic wave m, is not discernible. Such a 
pulse is the result of resistance encou!itered by the blood current. 
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through the arterioles and capillaries, as stated, and is found in con- 
tracted kidneys, in all diseases which cause atheroma of the arterial 
walls, gout, lead-poisoning', and aortic stenosis. 

Lead-poisoning' is prone to produce three of the chief disease-fac- 
tors just mentioned, since lead workers are notoriously subject to 
arterio-sclerosis, contracted kidneys and hypertrophy of the heart. In 
this state the fullness of the vessels is felt to be maintained for a con- 
siderable period and the collapse is gradual. Pressure of the finger 
obliterates the pulse with difficulty. 

The Pulse of Low Arterial Tension. In this case the arterioles are 
widely dilated, the negative wave is reflected and is subtracted from 
the primary wave instead of being added to it. The vessels collapse 




A 

Fig. 21 — Pulse (jf low arterial tension. 

quickly after the primary filling and pressure of the finger easily oblit- 
erates the pulse. Such a pulse is said to be soft. The tracing shows a 
vertical up-stroke, ak\ followed by a (|uick fall, ky, so that the apex, k, 
is sharp and pointed. The predicrotic notch, //, is insignificant, but the 
dicrotic notch, wz, and aortic wave, z, caus(^d by the valve closure are 
exaggerated, also the post-aortic curve, m, is marked. When present 
in even a moderate de»rree the wave, e, may be appreciated by palpa- 
tion and the pulse is said to be dicrotic. Such dicrotism may reach an 
extreme degree and the point, u\ may fall to the base line or below, in 
which case the pulse is said to be hyperdicrotic. 

Low tension pulse occurs with ccmditions which cause dilatation 
of the capillaries, as the inhalation of chloroform, the administration 
of nitro-glycerine or nitrite of amyl. Turkish baths are followed by 
the low tension pulse. In diseases producing serous diarrhoeas, colli- 
quative sweats and diuresis it follows, owing to the emptying of tho 
vessels. It often marks the course of febrile diseases. Aortic regiuvi- 
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tation furnishes the best examples. When the dicrotic wave ap- 
proaches in force to <*<|iiality with the primary wave, to the tinker it 
appears as though there were two closely assocfiated l)eats followed by 
a pause. Su<'h a pulse is called i)ulsus bijreminus. (See section on 
Pulse, j 

Sometimes three such beats are separated by a pause when the 
name pulsus tri^'eminus is used t<) de-;itrnate the condition. 

TIIK SPHY(;M()MKTKR. 

This is an instruiiitMit inteixded to iiH*asure the de^rtH» of tension in 
the peripheral arteries with ;:reater accuracy than the time honored 




Fig. 22 — The Riva Rocci SphyKmonianonutcr. 

one of simi>le pali)ation. By its use* records can be made of daily 
variations during the course of disease and operations, as well as the 
aacertaininir of immediate results from takin^r medicine, food, and 
drink. 

A number of thest^ instruments have been devised, some supposed 
to measure the systolic pressure of the artery, by recording? the amount 
of foice required to obliterate* the pulse, others to measure diastolic 
pre88un\ The recorders are of two kinds, manometers, or mercurial 
columns, and aneroid instruments, fitted with dials, like the barometer. 
The latter are objectionable owinjr to the readiness with which their 





Fig. ij— The Riva-Rocci Sphygmometer^Statiton modification. 

B Manometer. C Cuff, 

thi« by fittiuir it with rigid eonnectioiis. The es^^ential parts are an 
air puniji, a manometer, a rubber armlt»t which Hts nround the upper 
ann. and tubin^? eojmeetianfi. Stanton adviHe.s that the width of the 
armlet i»e not less than three and a-quartei' inehes. To use the instru- 
ment the armlet is adjusted, air is pumped in until the radial pulse \h 
exactly extinguished, and the heitrht nf the tnereury noted at the sami* 
niiirruuit. Klxperinieuls have shown that the pressure within the arm- 
let and that within the manometer are at all times the ^me. Th<* 
aceuracy of the instrument is shf»wn by apply in jj it to the Tbi*i:h, when 
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it will be found that the difference in the index does not vary over 
four or five millimeters. 

The slight oscillations noticed are caused by the varying: degree of 
interarterial pressure and the intluence of respiration on blood pres- 
sure. During the coui-se of protracted operations the instrument fur- 
nishes valuable information, likewise in the study of the state of 
arterial tension in kidney Hud heart diseasi^s, and the effect of drugs. 
It is difficult to transport, is fragile and. like many other devices, has 
so far found its field of great st usefulness in the hospital. 

PEiu^rssiox. 

Percussion elicits certain sounds by tapping over the areas occu- 
pied by the thoracic and abdominal organs. The tapping may be 




J*'ig. 24 — l\Tcussic>n Hanimtr. 

directly upon the overlying tissues, called mediate, or upon an im- 
posed substance, inmiediate. While the i-ubber-headed hammer named 
a plessor, and an ivory i)late called a pleximeter, are useful for class 
demonstrati(ms, nothing in actual practice equals the fingers of the 
two hands, as thereby we not only (juite as satisfactorily elicit the 
sounds sought for.but further gain valuable information by noting the 
amount of resisiancf which the finger encounters, and likewise the 
amount and length of the vibrations eonnnunicated to the super- 
imposed digit. Percussion is the most difficult to actjuire of the arts 
used in physical diagnosis, and the maxim that "practice makes per- 
fect" is peculiarly applicable here. The stroke should be delivered 
fnmi the wrist, as in piano-playing: never from the elbow. The ham- 
mer fingers should fall perpendicidarly and strike the finger which is 
used as pleximeter at a right angle to its surface, while the latter is 
applied as firmly and as evenly to the chest wall as possible. For per- 
cussing, the middle and third fingers are superior to the index and 
middle fingers. The nails should be kept short, that they do not pro- 
duce* sounds by impact. In percussing over the thorax the fingers 
should be aj^plied to the intercostal spaces parallel with the ribs, never 
across the rib and interspace, since this gives two notes differing in 
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quality. Over the clavicle, mediate percussion gives the best result 
and often gives the earliest indication of disease by a variation from 
the normal note. Owing to varying conditions, such as thickness of 
the overlying muscular tissues, (quantity of fat present, etc., the sounds 
elicited by percussion over the lungs vary greatly not only in differ- 
ent areas upon the individual, but likewise over corresponding areas 
in different individuals: so nuich so that we are not far wnmg in 
saying that every lung has its own normal note. 

PERCUSSION SCALE. 

In spite of these variations, we may construct a ronirh scale which 
is generally applicable, although the notes lack the fixedness of musi- 
cal tones. The note of highest pitch is obtained by direct perciissi(m 
over a bone, as the sternum or clavicle, and is called (psfeal pitch. 




Fif?. 25 — Ple.xinietcr. 

Next is the tone produced by percussion over the trachea during quiet 
inspiration. This is called tubular pitch. The note produced by per- 
cussion over the second anterior interspace or the axilary region of a 
healthy, well-developed individual falls next in the scale, and this 
note is called the vrskulw note or the uonunl pulmonarij note. Flint's 
comparison of this note to that produced by tapping a large loaf of 
bread is classic. The note produced by percussion over an air-con- 
taining cavity of considerable size, as th» stomach and intestine, is 
called fympauitic. It is lower in i)itch than the vesicular note. It if. 
not difficult to divide tympanitic resonance into two tones, small 
tymjmtnj, the note of the small intestiiu* furnishing the standard 
therefore, and large tywpanif, the latter being the note obtained by 
percussion over the empty stoiraeh or the colon. The note which 
Flint called vcsivulo-fympauific occurs in disease, but in the scale of 
pitch assumes a place between the normal vesicular resonance and 
small tympany. 

Two other sounds remain to be considered, dullmss and flatness. 
Gee defines dullness as the absence of tone, tone being that succession 
of sound impulses which characterizes a musical tone, but which 7S 
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absent iu a inert* iiois**, Ta Ctpsta* defin*»s a dull sound bm one dt^notiiig 
th** aljsenee of air. ''It is tliii? soimd of bath Htiids and isolids. It in 
tlius the Hiiuud stt^iit forth by the airlesH vjjwrera; fnnn the liver, Hpbeii 
and heart/' We believe, hawever, that a protitHble tlisti tuition can be 
njade between diillne*ss hikI Matnes^ hy eallinp the j^nunt pfmse.ssinjc 
ihe above ijnalities rtat. atid eallin*r a Hnimd whieb Hppmaehes llatTiesM 




Fig. 26 — "Percussion of dorsal rcgn-iis. PciUliu **mruk" of chair with iirms folded 
acrosi» the hack. Intercoj^Ul vpaccs widened. scapnltT rotated outward. 



in pitch, but whieh Htill i-i taiim some ressoriaiiee, dull. In the seale of 
pitch, the terniK would fall above oaten-pitch, tlatiiej^ beiii?^ the highest 
[ifmsihle in the fseale. Writern who desire to avoid this distinction use 
ifigtead of dullness the term impaired resouanee, modified by the 
adjectives *'sb>fht," * V*oiiHiderable, " and ''marked*'. Their ineon- 
fiifltence m maeje appun^nt by the terms *' relative dullness/* *'dtdlnc^s?4 



*6th Edition, Medical Diagnosis, p, 240, 
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more marked'', etc., which are used by most systemic writers on 
practice. 

A protracted discussion of the theories of percussion sounds would 
be profitless. Two only have received extensive recoo:niti<m, that or 
Gee, who believes that the vibrations ori^nate in the bronchi, and 
that of Hristow, who advocates that the tones are produced solely by 
vibrations of the chest walls, hence, any interference with these vibra- 
tions chan«j:es the note. 

Scale of Pitch. Arrant;in«r the notes on a descending? scale, be- 
^innin*r with the apex note, or note of theoretically hi<rhest pitchy 
we have: 

Flatness 

Dullness 

Osteal 

Tubular 

Vesicular 

Vesiculo-tympanitic 

Small tympany 

Lartre tympany 

It may assist the student scmiewhat in his conception if we com- 
pare these ei^ht variations with the notes in the nnisical scale from 
hi^h C to low (.\ with this reservation, that the resemblance ends with 
the fact that each of the percussion notes is lower than its predecessor. 

While the above subdivision of the percussion notes mitrht seem 
at first ^^lance to be an uiuiecessary refinement, the terms are all met 
with in th(* works of various standard writers, hence a clear classi- 
fication of them for the benefit of the student cannot be amiss. 

It is to be prefaced that the percussion sounds produced over the 
pulmonary areas can vary in health only in regard to pitch, intensity 
and duration. Pitch chanires with the number of vibrations per sec- 
ond, the greater the number of vibrations the hiirher th^ pitch; while 
the intensity varies with the amplitude of the vibrations, the law 
bein^, the greater the ami)litude the louder the souiid. Duration 
varies inversely with pitch, the higher the pitch the shorter the dura- 
tion of the sound. The pitch also varies with the deprree of tension, 
both of the coverinjr of the lung's and of the or^an its(»lf. The rule 
above ?iven applyin^r ajrain, viz., the greater the tension the higher 
the pitch, just as in musical instruments, the tijrhter the string is. 
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tuned up the higher the note. The pitch of the pulmonary percussion 
sounds is altered by disease either in the direction of dullness or of 
tympany. Changes in the sounds are best appreciated by careful com- 
parison between corresponding areas of the two lung surfaces, ignoring 
for the moment the very slight differences which normally exist. 

CHANGES IN THE PULMONARY PERCUSSION NOTE PRO- 
DUCED BY MORBID PROCESSES. 

Increased resonance is freciuently met with. It is called hyper- 
resonance. Its quality is that of the normal percussion note more or 
less exaggerated, that is to say, the volume of sound, the intensity 
and duration are increased, while its pitch is lowered. It means in- 
creased volume in the air vesicles without increase in the tension. Tem- 
porary over-distension produces this note in its slightest degree, while 
■emphysema produces a more marked example. 

Skoda 's resonance is a note of higher pitch than true tympany, 
yet with a tympanitic quality. It occurs in connection with two con- 
ditions, pleuritic effusion and pneunumia of the lower lobe. It is 
most strikingly manifest in the infra-clavicular region in a case of 
moderate effusion. Osier says, *'In the subclavicular region the atten- 
tion often is aroused at once by a tympanitic note, the so-called Skoda \s 
resonance, which is heard perhaps more commonly in this situation 
with pleural effusion than in any other condition. It shades insensibly 
into a flat note in the lower mammary and axillary regions. Skoda s 
resonance may be obtained also behind, just above the limit of effu- 
sion. ^^ Tyson maintains that Skoda 's resonance and Flint's vesiculo- 
tympanitic note are identical. 

Tympanitic licsonancf. Lower in pitch than the preceding and 
produced by percussion over a ([uantity of air, *' enclosed in walls 
which are yielding, but neither tense nor very thick.'' (Da Costa.) 
The sound is somewhat musical, and the i)itoh varies with the size of 
the cavity. It is abnormally present in pneimio-thorax, or over large 
pulmonary cavities. 

Diminished Hoionancc. Impaired resonance, which in our scale 
we have denominated dullness, is a note of higher pitch than the nor- 
mal vesicular sound, but the duration of the note is shorter and 
sharper. The note closely resembles that produced by percussion over 
a thin board ; hence its quality is described as wooden. It is noticeable 
in partially consolidated lung, in compression or displacement by 




PLATE IIL 
RELATIVE AND ABSOLUTE PERCUSSION AREAS. 

The shaded area represents the area of flatness of heart and liver, 
fusing into one. 

The dotted area marks out the area of heart and liver dullness 
obtained by deep percussion. 

The lower dotted line represents the descent of the liver with forced 
inspiration. 

T. Traube's tympanitic or semi-lunar space. 
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morbid growths. Increased resistance generally accompanies it. Even 
over wholly consolidated lung the note is not entirely Hat so long as 
any vesicular substance remains. 

Flatness is the absence of tone, absence of resonance, and is the 
height of pitch. Such a sound is heard when percussion is made over 
the thigh or over a large pleuritic effusion. 

Amphoric resonance is metallic in <iuality. while tympanitic in 
pitch. It indicates a large hollow space with firm elastic walls, as a 
•cavity which conununicat(*s with the bronchus. Percussion over the 
trachea with the patient's mouth partly open furnishes a fair imita- 
tion of the amphoric cpuility. 

Tin Crackfd'Pot Sound. Bruit-de-pot-fele of the French writers. 
Its quality is indicated by the name. This sound is closely associated 
with amplioi'ic resonance. The condition usually occasioning this 
sound is a eavity freely conuiuniicating with the bronchus, the cavity 
havinir yielding walls. To produce the sound it is necessary to strike 
a strong, sharp i)ercussion blow while the patient holds the mouth 
oi>en. It may be imitated by striking the h)osely folded hands across 
the knee. Da Costa says the sound is met with independent of exca- 
vations in "pleurisy above the seat of the effusion; in bronchitis of 
children: near a pericardial exudation; in emi)hysema and certain 
instances of pneumothorax. Indeed, any disorder in which the chest 
wall remains very yielding, and in which a certain amount of air 
contained in the lung or pleura and in uninterrupted connection with 
the exteriuil air is. by sudden i)ercussi()n, forced into a bronchial tube, 
will occasion this cracked-metal sound.'' 

We briefly indicate a^ain the outlines of the lungs, (see also 
;section on Divi.sions of the Chest). On the back the lungs extend from 
the seventh cervical vertebra (vertebra prominens) to the level of the 
bottom of the tenth dorsal. In front the apices extend for varying 
distances above the clavicle, from a half inch to one and a half inches 
in extreme cases. On the right sidt* we encounter hepatic dullness 
about one and a half inch<\s below the nipple. On the left side cardiac 
dullness begins at the lower border of the third rib. In the left 
lateral region we encounter stomach tympany and a little in front of 
the mid-axillary line splenic dullness begins at the ninth rib. An- 
teriorly, along the right side of the sternum, the right lung extends as 
low as the sixth costo-sternal cartilage. The left overlaps the heart as 
far as the fourth cartilage. In the mid-axillary lim* the edge of th-:* 
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liiritr r^-achwi the lower lM)rder of the seventh rib. The livt*r dulhiess 
ix therefore indicated by a line l)e^inninjr at the junction of the fifth 
cartilage with the rijzht side of the sternum, and passinjr over the 
Heventh rib in mid-axilla, the lower IxkIv of the tenth posteriorly 
U) the eleventh vertebra. It should \ye remembered that in the erect 
[KjHition the spine of the tenth vertebra is on a level with the middle 
of the \H)dy of the eleventh. The bifurcation of the trachea is l>ehind 
the sternum, opjKisite the second costosternal cartilage and the arch 
of the aorta curves from ri^rht to left and from before backwards 
over this division. 

Al'SCULTATION. 

Auscultation is the recojmition by the ear and the determination 
of the si^rnificance of sounds emanatinjy: from normal or diseased struc- 
tures. It is, therefore, almost necessarily limited to the respiratorj' 
and circulatory systems. The late Professor Flint pictures<|uely de- 
scribed it as a kind of eaves-droppin<r. 

Auscultation may be mediate, by means of the stethoscope, or 
immediate, by the din^ct application of the ear. In practice, auscul- 
tation should follow percussion. In using the instrument care should 
be taken to avoid pressing the bell too firmly against the tissues as 
false* sounds, resembling friction sounds, thus may be easily produced. 
In the case of children the i)remature exhibition of the stethoscope 
may cause fright, and, as sounds of all kinds are readily transmitted 
through the thin chest walls of the young, often its use may be dis- 
pensed with. In the examination of the lungs the stethoscope is 
sometimes of doubtful advantage as ecmipared with immediate auscul- 
tation, and as the practitioner fie(iuently may be caught minus this 
portion of his armamentarium, it is wise to practise both forms of 
auscultation. On(» sometimes encounters cases, especially in hospital 
and dispensary routine, in which he is loath to apply the ear, even 
with towel or napkin intervening, and occasionally over-modest female 
clients make objection to the procedure. It is to be observed that in 
the case of females the configuration of the breasts renders immediate 
auscultation more difficult and less accurate than mediate; likewise in 
the examination of the heart in both males and females, by reascm of 
the circumscribed areax of the valvular sounds, the stethoscope is 
almost a necessity not only for their accurate location and differen- 
tiation but also that sounds emanating from neighboring organs, as 
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the luiiirs and pleura, may In* exrhul^d more readily. If it is dosirtible 
to cover the chest durintr the exaiiiination, sfe that the i-^-verinjr he of 
such nature as not to interfere with the transmission of sound nor of 
a material of itself to oriirinatt* s<uinds. The best eoverin»r for the 
purpiwe is a thin, uauze undervest : in the absi^nce of which, a thin, 
soft towel is a fair substitute. Starched ^rarments are espiHMally to 
be avoided. The author has known the soft creakiuir of a starched 
chemise, freshly donned in anticipation of the examination, to be mis- 
taken for the friction sound of beyinnin^ pleurisy. 

The most reliable evidence is ;^Mthered by repeated exannnations 
of eorresp.ondinir areas, causinji the patient alternately to breathe nat- 
urally, deeply, to couirh and to count, as <H*casion requires. I have 
found that repeat injr the number ''nine hundred and ninety nine/' 
by reason of its rin»;in»: character, to be especially suitable in tt^stin^ 
vocal and tactile fremitus. 

NORMAL AND ALTKRKI) HKSPIRATOHY SOl'NDS. 

It is manifestly impossible to recoirnize alterations in the pulmonic 
or cardiac sounds unless we are thoroughly familiar with the normal 
ones. Constant study of healthy respiratory and heart sounds is the 
only way in which the ear can be kept in accord with the demands 
made upon it. Just as the musician attunes his instrument before 
playinjr. so the dia»rnostician should constantly attune his ear. 

The varieties of respiratory sounds which are recojrnized in health 
are of thret* tyi)es, but the unfortunate lack of uniformity in nomen- 
clature is not only most confusinjr. but would lead the student to con- 
clude that there are half a dozen varieties. 

It must be emphasized that the sounds about to be described are 
natural, and oidy have a patholoiric si«rniticance when heard outside 
of their own proper spheres, or when one which should be heard in 
a certain locality is replaced by another. 

As a starting; point, we bejxin with the air sounds heard over the 
jrlottis or larynx. Here the ear reco^niizes a hai'sh, bh)winjr sound of 
hi^'h pitch and »rreat intensity, heard both on inspiraticm and expira- 
tion, which acts are separated from each other by a distinct silent 
interval. The (piality of this sound is unmistakably blowing, tubular, 
and somewhat hollow. As we (U^cend trom the larynx to the top of 
the sternum, the sound underiroes a ver\' sll^rnt modification. This 
sound is known as irarluaL hroncltial, or fubtuir bnafhinif: the vari- 
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ous terms being used by different authors as having the same signifi- 
cance and being interchangeable. 

If next we apply the instrument over the second interspace, an- 
teriorly, we hear a much softer sound. Its pitch is decidedly lower, 
the blowing character has been replaced by a gentle breezy rustling 
of short duration, heard best with inspiration, followed without any 
appreciable interval by a still softer expiratory murmur of yet lower 
pitch, shorter duration, but with a faint suggestion of blowing. As this 
murmur is supposed to originate in the alveoli, it is called vesicular 
breathing. It is best heard as well as most characteristic at the point 
indicated. At the ai)ices and low down posteriorly its intensity dimin- 
ishes, but its quality remains unaltered. This is what is meant by the 
normal breath sound, or the normal respiratory murmur, and the 
student will do well to fix indelibly in his mind its qualities. 

The third recognizable type falls between the two just described, 
and shares the qualities of each. It is a sound heard over the subdi- 
visions of the trachea, that is to say the roots of the lungs: hence is 
heard normally over the manubrium in front and in the interscapular 
region behind as far dow^n as the top of the fifth dorsal vertebra. 
With inspiration the vesicular element is diminished but not absent. 
Inspiration is separated from expiration by a distinct interval, shorter 
than in the first variety. Pitch and intensity likewise fall between 
the two varieties above described. This form of respiraticm is known 
as broncho-vesicular breathing. 

CHANGES IN THE BREATHINCi SOUNDS PRODrCED BY 

DISEASE. 

I. The vesicular murmur may be altered in intensity, by being 
increased or diminished, or the murmur may be suppressed. 

Increase in the intensity of the vesicular murmur is called puerile 
breathing, on account of its likeness to the breath sounds normally 
heard in children. It denotes increased activity and follows violent 
exercise. It is not necessarily a sign of disease. Inspiration and 
expiration are equally affected. When heard in adults it indicates 
that an increase of function in the unaffected portion of the lungs 
is compensating for diminished activity elsewhere. It is often called 
supplemental breathing or exaggerated breathing. One of the best 
examples of its occurrence in disease is the respiratory murmur hoard 
over the sound side in cases of pleuritic effusion. 



PHYSICAL EXAMINATION 79 

II. Diminished Breathing. Diminished or feeble respiration is 
the opposite condition to puerile breathing?. It is due to diminished 
functional activity, caused by obstruction to the entrance of air into 
the vesicles; by partial obliteration of the cells by deposits within, or 
from pressure upon them. The character of the normal breath sounds 
is unaltered, but the intensity is diminished. It may arise in the 
course of a variety of affections, as i>aralysis or pleurodynia. Feeble 
respiration at the apex combined with impaired percussion resonance 
is a strong indication of the early sta^e of tuberculosis. 

III. Absencf of the Respiratory Murmur. Large pleural effu- 
sions, massive pneumonia in which the secretion totally occludes the 
bronchi, and collapse of the lun^, are the only conditions likely to 
cause entire absence of the breath sounds. 

IV. The respiratory rhythm may be so changed that the relative 
length of inspiration to exi)iration is altered; or the respirations may 
become uneven and jerky, exhibiting the so-called wave or cog-whee> 
character. In the first instance it is the expiration which is most 
affected and the change is usually in the nature of a prolongation of 
that act. The prolongation is generally accompanied by a change of 
pitch. If the pitch be elevated it means consolidation, deposits within 
the air cells or in the nearby bronchi. Here the quality of the sound 
gradually ascends to bronchial or tubular. If the pitch is low and 
the quality unchanged, it indicates emphysema. In the one case the 
bronchial deposits mechanically dam back the air: in the other the 
loss of elasticity causes the expiratory prolongation. 

Coifivhecl Resinration. The inspiration is disconnected, broken 
into two or three i)arts due to the uneven expansion. Affections of 
the muscles of respiration or previous disease of the lungs or pleura, 
especially old adhesions, or diseases of the bronchi offering an impedi- 
ment to the entrance of air are the causes. It has been met with in 
hysteria, in intercostal neuralgia and other spasmoditr affections, as 
well as in pulmonary tubercular deposits of which it was once con- 
sidered a pathognomonic sign. Here its favorite seat is near the 
apices. 

Bron('hi<d Breathing. The character of this respiration has been 
already described. When heard over the vesicular areas of the lungs 
as the result of disease the qualities above attributed to it are little 
altered but the inteyisity is diminished. The tracheal sound as heard 
at the root of the neck posteriorly is the prototype of bronchial respira- 
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tioii and should be used as the standard of comparison. Bronchial 
breathing is higher in pitch than the vesicular inspiratory sound and 
retains more of its tracheal (pialities. Its expiratory quality is af- 
fected in the same way, its intensity increa.sed, its duration equal to or 
longer than inspiration, its pitch elevated, and inspiration and expira- 
tion separated by a distinct interval. Bronchial breathing signifies 
the consolidation of the vesicular structure from deposits within, or 
air-cell obliteration from pressure from without. The sounds of the 
still patent, large-caliber bronchi are then ccmducted through the 
denser tissue to the ear, replacing the vesicular murmur and causing 
it to appear as though the sounds originated immediately under 
the ear. 

Sometimes adventitious* growths, as solid tumors or aneurysms, 
intervening between the chest wall and the trachea or a large bronchus, 
will cause obliteration of the air cells and the bronchial bruit is then 
heard over the tumor area. 

As indicating consolidation, bronchial breathing is heard in pneu- 
monia and in the infiltrated areas of phthisis. As the result of intra- 
thoracic pressure it is heard over the compressed lung above moderate 
and large effusions. 

Broncho-vesicular Breathing. When heard peripherally in dis- 
eased conditions it portends partial consolidation, but less in degree 
than that indicated by bronchial respiratiim. It is subject to varia- 
tions in quality, especially intensity, and may pass into the bronchial 
type by exacerbation of the conditicms which cause it. As the change 
occurs, more and more of the vesicular element is lost and the tracheal 
quality assumed, as indicated by an ascent of both intensity and pitch. 

Tubular Breathing, as the term is generally used, is synonymous 
with bronchial breathing. It indicates the breathing of complete con- 
solidation, as does the latter, but the former term is more limited in 
its application. Its quality is described as whiffling, and its pitch as 
higher than the bronchial pitch. Like the latter tubular breathing is 
present in pneumonic consolidation and in the complete consolidations 
sometimes met with in the superficial areas of phthisis. 

Cavernous Breathing, as its name indicates, is produced by the 
entrance and exit of air from a cavity. The cavity may be within the 
lung substance or external to it, without causing alteration of the cav- 
ernous sound, provided it be entirely or partially empty and that it 
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coiiuiiunicatt's with an ()f)eii bronchus. It is asserted that a cavity must 
be as lartre as a walnut to produce the phenomena attributed to it. 

The inspiration is low-pitched, hollow and blowing, as is the ex- 
piratory sound. ()ft<Mi. })ut not invariably, expiration is still lower in 
pitch than inspiration, which is the reverse of bronchial breathing?. 
The pitch is never raised on expiration and expiration is Itmj^er than 
inspiration. It reifuires for its production yielding walls. As a stand- 
ard of comparison for cavernous breathing, we compare it with the 
sound heard at the lower end of the trachea. The sound is often asso- 
ciated with jrur^'lin»r, dui* to tluids confined in the vomicie, which may 
disappear when th(» cavity is entirely filled, to reappear after expec- 
torati<m. It is significant of the third stajre of phthisis, of bron- 
chiectasis or of puhnonary abscess. 

Amphoric BiuatUimj, like cavernous, recpiires a cavity with resil- 
ient walls connnunicatin^ with a bronchus. It is a hij^h-pitched, blow- 
ing sound, the cpialities beinjr those of cavernous breathing in an exag- 
gerated degree. Hut in addition thereto it has an echoin«r, metallic 
character, as has the corresponding ])ercussion note. It may be imi- 
tated by blowing across the mouth of a bottle or jug (Amphora). It« 
intensity varies. It indicates a large cavity and usually means pneu- 
mothorax. Karely a pulmonary cavity may afTord the necessary con- 
ditions for its production. 

NEW OH ADVEXTITIOrs SOUNDS. 

In addition to the changes and moditicaticms of the respiratory 
rhythm ah'eady described, auscultation reveals certain sounds which 
are in no wise related to or analogous to the normal sounds. Such are 
rales, rhonchi. friction sounds, echoes and the like. 

Rahs are peculiar sounds generated in the air tubes by the pass- 
age of air throuirh exudates contained therein, or by the forcible sep- 
aration of agglutinated surfaces, as the swollen lining of the small 
bronchi or the collapsed alveoli. When they originate in a portion of 
the lung which has undergone consolidation, or when due to the forma- 
tion of a thick, viscid and not easily displaced exudate into the cells, 
the character of th<' sound is sharp, crackling, dry, or even explosive. 
These sounds are described as crepitant or crackling rales, and are 
gauged according to size and intensity into small, medium and large 
crepitant rales. As already stated, they mean consolidation of the 
vesicular portions of the lungs. The small, sharp crackle, h-^ard oftlMi- 
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est with inspiration, originates in the alveoli, and is heard in the early- 
stages of tubercular formation, or may be accepted as the earliest sign 
of the softening stage of the pneumonic pnK'ess. This rale is not 
limited to inspiration, but may also be heard during expiration. The 
larger crackling rales are in character the same as the small rales 
and indicate an extension of the associated processes. Hence they are 
heard in the softening stage of pneumonia and of tubercular deposits. 
They also occur in broncho-pneumonia. The largest crepitant rales 
are conlined almost entirely to minute cavities, surrounded by areas 
of consolidation which form during tubercular softening. 

Sounds })roduced in the manner just described, particularly when 
they emanate fnmi lungs whos(* structure is little altered, and in which 
the lesions are confined principally to the lining membrane of the 
tubes, vary in character with the amount and nature of the secretion. 
They may originate in any |)ortion of the bnmchial tract, including 
the trachea, but usually are confined to the lesser bronchi. When 
these sounds are dry and have somewhat of a nmsical character, they 
are termed rhonchi. When th(Mr nature indic^ates the presence of 
liquid in the tubes, they are denominated moist, li(|uid, or mucous 
rales. Sometimes the sounds suggest the breaking of small bubbles. 
Such sounds originate in the smallest bronchioh^s and are heard in 
capillary bronchitis. Others are larger and have a gurgling character. 

All of these sounds are (extremely evanescent, changing their loca- 
tion, ap[)earing or disappearing with forced respiration, coughing, or 
change in the position of the patient. They may be so turbulent 
as to entirely obscure the normal respiratory murmur. These rales 
are named small, medium and large bubbling or nuicous rales, and 
the names are sufficiently descriptive of their location and character. 
The large rales occur in cases involving the trachea or largest bnmchi, 
and are common in chnmic conditions, such as tracheitis and bron- 
chitis. They are the cause of the '* death rattle'' scmietimes heard in 
expiring perscms. These rales an* heard in all pulmonary diseases in 
which inliammation of the bronchi is the essential element of the dis- 
ease or occurs as a comf)lication. Pure, large gurgling rales, having 
the character of liquid poured from a bottle, are c<mfined to partially 
filled cavities, and are heard on coughing. 

lihnnchi an* dry sounds, and like wet ral(»s are confined to the 
bronchi. They vary in both character and pitch according to their 
lo(»ation and the amount of obstruction or narrowing produced by the 
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causative condition. The narrower the tube, the higher the piteh of 
the sound. Sueh narrowiuir may result from swelling: of the memhrane, 
as is af)t to be the ease in intlaiinnations of the liner divisions, or from 
si»eretions, whieh is the usnal canse of their oeeurrenee in the hirjrt* 
tubes: or the two eaust^s may operate toi:eth»'r, as in bronehitie asthma. 
The h)W-pitelied rhonelii are calhul somfitms, owinir t<» their reverber- 
atin^r eharaeter: the hitih-pitched are eallt*d sihilfint by reason of their 
his.sinir nature. Others havi* a whist lintr sonnd. 

Thj\v may b<» heard on »Mther ins|)iration or expiration, or both, 
and aec«>mpany a<Mite and ehronic inriannnations of the bronehi. Tlie 
tiner, higher-pitched rhonelii are hranl in aente conditions and when 
exacerbations or extensions of (»hronie forms take place. They are 
very variable and lar^rc rhonchi may smldenly disappear. The liner 
varietit^s. indicatinu: obstruction, an* somewhat more stable. As has 
\)evu said under Couirh. they often iiulicate the first stair<» of a ctmdi- 
ticm in which moist ?'alcs arc the second staire. bronchitis ami asthma 
and emphysema iri\e us the bt»st examples. 

Sfrithtr is the name i:ivcn to the harsh, !'ou*rh, vibi-atinir sound 
imparted to the brcathinir by certain conditions. It miirht be called 
resf)iratory tremor. The breathin*: is noisy and labored, inspiration 
is prolonLM'd and tlu* voice is often raucous. Direct pn^ssure on the 
larynx, trachea or a larL'e bronchus producf»s it. hence the most fre- 
'pient caus'* is thopjicic aneurysm or a mediastimd *rrowtli. Next in 
fre([nency is syphilitic stenosis. If due to local conditions as inter- 
larynir(*al trrowth or paralysis of the vocal cords, an <'xaminjition of 
the larynx will re veal the cause. 

Friction Sound.^. These sounds result from tht* rubbiiu: to^rether 
of two iuHamed pleural or j)ericar(lial su!'fac(\s. Tn ohier castas the 
surfaces are rouLdiened fr-om tln^ deposit of exudate, or tine tibrojis 
union may havi- formed. 

Friction sounds <'onsist of a number of short, r-<*peated sounds of 
a eracklintr. i'ubbin«_r or crcjutant nature. They are oftt'u compared 
with the creakint: oF new leather. They are usually heard over a very 
limited area, possibly never exeeedinu' in size a half dollar. They are 
unilateral and oftenest <*ontined to the Iowcm- thoracic an»as. 

Pleural fri<-tion sounds an» ufcnerally heard on both inspiration 
and expiration, but may appear oidy nt the end of forced inspiration. 
The sounds are fre(piently referred to as *>ome and iro*' .sounds. It is 
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often difficult to decide whether the sound arises from alteration of 
the pericardial sac or of the pleural membrane. 

The following points will aid in the distinction: — 

The location; the evident superficial situation of the pleural 
sounds. 

The relation of the two sounds to respiration above menticmed: 
pericardial sounds do not disappear when respiration is suspended. 

Fnmi the crepitant rale it is distin^Miished by the fact that pleural 
sounds are intluenced by neither cou^zh nor by respiration. 

That deep respiration increases the pain in the case of friction. 

That friction areas are mon» circumscribed and that the rale is 
heard only on inspiration. 

ArsCl LTATIOX OF THE VOICE SOUNDS. 

When the ear is applied to the normal chest while the patient 
speaks a distant, muffled, hummintr, vibratory sound is heard. The 
spoken woids are inarticulate. The scMind is stronjrest in deep-chested 
adult males and weakens by trradations in women and children. What- 
ever the character of the sound may be, it is pretty constant in pitch 
and intensity over the entire pulmonary periphery of the individual. 
The sound is called normal vocal resonana. It is more intense in 
the vicinity of the trachea and larjre bronchi and is slightly more 
intense in th<» right infraclavicular region than in the corresponding 
region on the left. Conditions which increase conductivity increase the 
intensity of the sound and vice versa. Hence consolidation of the 
Jung of any degree what.soever increases it. 

The pitch is unaltered in this case but the sounds are louder. On 
the other hand emphysema, in which the lung is, so to speak, rarefied, 
diminishes the vocal resonance, as does also pneumothorax, by sef)ar- 
ating the ctmducting sub.stance from the chest wall. Thickened pleura 
similarly affects it by offering a barrier, and over pleural effusions it 
is totally absent. 

Occlusion of the bronchi by mediastinal growths, aneurysm or 
other causes, prevents the sound waves from reaching the periphery, 
hence vocal resonance is also absent in th(»se conditions. 

This absence will be understood readily when it is considered that 
the vibrations s<»t up by the act of speaking imist reach the surface by 
traversing the intervenintr air column. If the colunni is interrupted by 
bronchial obliteration, the sound waves will be absent over the lung 
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surface so supplied and likewise over the eorrespondiuj: area of lung 
covering. 

Bronchophony. Over the lar^e bronchi the voice sounds heard 
in health are of jrreater intensity, more sonorous, ni(u*e concentrated 
and of hijrher pitch than those sounds h<»ard over the vesicular re«?ions. 
This is called the bronchial voice and is the type of bronchophony. 
The sound seems to be near the ear. The term bronchoi)hony means^ 
therefore, increased or aujrmented vocal resonance. It bears the same 
relation to normal vocal resonance as does bronchial breathinjr to 
the normal vesicular breath sounds, and when heard in localities other 
than over the roots of the lunfrs means increased conductivity, hence 
consolidation. The sounds are inarticulate. 

Pvcforiloqny is the name driven by Lacnnec to the distinct trans- 
mission of articulate woids throu«rh the chest to the ear. By some 
it is regarded simply as exajitrerated bronchophony. In character the 
sound cl()S(»ly ri'seniblcs the sound of the voice heard over the larynx. 
In bronchoi)hony, as stated, the sounds are inarticulate, while in pec- 
torilo(iuy not only is sound of like (piality transmitted to the ear, but 
the articulate words are audible. In a few cases the sounds not only 
seem to arise under the ear, but are much intensified and the pitch 
elevated. This is a union of broncho[)hony and pectoriloquy and is 
named bronchophonic pectorilocjuy. 

In other instances the character of tlu» voico sounds, althoujjrh 
articulate, art* distant, hollow and even may be slij^htly rinjrin*r. Here 
the f)itch is not elcvat(»d, the area is limited and the words do not 
seem to arise under the stethoscope. This Kliiit named cavernous i)ec- 
torilo(piy. lb* says that th<» former means solidification, the latter 
a cavity. 

Amplu.ric Vf.'ut is so named when in additiim to beinir rinjrinjr 
and hollow it has also a musical, a metallic or a tinkling' character. 
The .sounds are not articulate as in pectoriloquy. It is jrenerally taken 
to mean pneumo-hydiothorax, but may occur in larjre cavities ofTerin^ 
similar conditions, ('specially lar^e vomica* whose walls are formed by 
limitintr membrane. 

fJtjophfniy is bleatin^^ bronchophony, caused by a thin layer of 
fluid set into vibration by the voice. It is of very rare occurrence* 
hut has been found in cases of moderate pleural effusion, its usual seat 
bein*r at the lower an<rle of tht* scapula. 

77// \Vhisp(r(d Voltt changes or is modifit»d by dis(»as(* as well as 
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the 8pokeu voice. Nurnially the whi.sjKT resonance is not heard ex- 
cei)t over the larj:e bronchi which form the roots of the lungs, and 
the adjacent areas in the upper thorax. Here is it a soft, blowing 
S4>und which accompanies each word. Increased or rxaggerated whi^- 
ffi ral I'f so liana and whispt riiKj bronchophony may be said to be pres- 
ent when the normal whis|»er just descril)ed is heard over the vesicular 
areas (»f the chest, where they are never normally present. The whis- 
[H'Ti'iX sounds then have the characteristics of their spoken congeners. 
The H<*cond of these two is hij^her in pitch, more intense and nearer 
the ear than the first. It indicates consolidation. 

Alsi) may we have whisperiui; pectoriloquy, amphoric whisper, 
and cavernous whis|KM-. Whisperinjr |)ectorilo<|uy is a surer indica- 
tion of eavity than its spoken equivalent. The whispered voice is some- 
time.> transmitted in f)leurisy when the spoken voice is not. Bacelli 
considers this si^rn as diajmoslic })etween serous and purulent effusions, 
but clinical experience does not bear him out. It is however perpet- 
uated as Hac'Ui's sign. 

There still remain to be considered a few adventiticms sounds of 
sonu'what rarer occurrence than those already described. 

C/'f pitation. A fine, crackling sound exactly imitated by rubbing 
the hair l)etW(M»n th(* fingers, close to the ear. It has long been accepted 
as the earli<*st sign of fi})rinous deposit within the air cells in pneu- 
UHinia. It may also occur wh(»n air enters the collapsed air vesicles 
and is due to the separation of their walls, hence is heard at the end 
of inspiration (s<*e Pneunnmia). It may be present also in hypostatic 
[meumonia, o'dema of the lungs or in areas of lobular collapse. 

SurrnssioH Splash. This was described by Hippocrates, and is a 
fier-uliar splashing sound produced by violent coughing or a sudden 
shaking (»f the body. A large cavity containing both air and fluid is 
necessary for its production. It may be exactly imitated by splashing 
an uncorked earth<*nware jug containing a small (juantity of water. It 
is i)resent in hydro- or pyo-pneumothorax (q. v.). 

Coin liin<i or Hdl Sound may be produced in pneumothorax or 
in very large pulmcmary cavities. A coin is placed flat against the 
chest and is struck with the edge of another coin : with the stethoscope 
applied over the affected area, is heard a clear, bell-like tinkle. 

M( tallir Tinkliuii is a sound which Loomis likened to dropping 
pins or snudl shot into a metallic vase. The sound is echo-like, clear, 
high-pitched and ringing. It may be single or a series of sounds, may 
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be produced by the movements of respiration, by eoutrhinjr or ev'i»n by 
speaking. A larjre, dense-walled pulmonary or pleural eavity and a 
commumeatinjr bronehus an* necessary for its prodnetion. It is often- 
est heard in pneumo-hydrothorax. I'r. Walsh regards it as due to 
the echo of bui-stiiiir bubbles shut up in the eavity. It is also attrib- 
uted to dri[)pin^' fluid strikintr upon a li(|uid surface. The t(M-ni am- 










I^'ijr. J7-- Laiviijical niirrnr with t'k'Clrical c«);.iK-(.'tu«n^ 

phorie eeho is us(m1 in the same coniitTtion to ih^scribc th' al>ov(* sound, 
or one very similar. 

Post-lussin Si(rti(ni, a ran* but valuabh* sijrn of eavity. When an 
excavation is so conditioned as to be compressed by the act ol' coui:h- 
in^, the air is expelled therefrom (iurinir that act witli a slitrht liissinj; 
noise. The dihitation of th<» cavity after compression is sonH»tim(\s fol- 
lowed by an audible, air-suction sound. varyin*r in intensity with the 
size of the cavity. The name is su'liciently descriptive of its (pudity. 
A sound similai- to the al)ove. also pnxjuced by air enteriuLr a cavity 



I'l.v;. J»S — 1.,'Lrynv^eaI Mirror. 

with inspiration, has l)etMi des<'ril)ed by liaennec, Skoda, and otliers, 
and called "the putf*. 

TlIK LAKVN(;OS('()PK. 

This well-known instrument enables us to view the interior of the 
larynx, the vocal cords and a portion of the trachea. 

Acute and chronic larynjritis cause hypera^mia. erosions of the 
cords and occasioiudly a sli^'ht exudate. In the chronic form the mem- 
brane is thickened. (Kd<*ma and pseudo-membranous formations give 
names to their respt^'tive varieties. • 

Tubi I'i'uhnis / n/lanitnafion. The vocal cords a ' . c • v d and 
eroded, tJi<* movements restricted: infiltration, snueii ;'i;'i a d tl-rp. i> 
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seen. Thickening of the ar>i:enoids is the earliest sijrn. Other synip. 
toms of tuberculosis coexist. 

Laryngeal Syphilis, Symmetrical superficial ulcers occur early. 
Gumma, deep ulceration and necrosis of the cartilajzes are tertiary. 

Paralysis of the laryngeal muscles arises from various central 
lesions, medullary syphilis, multiple sclerosis, locomotor ataxia and 
hysteria. In another group of paralyses the lesion affects the fibres of 
the recurrent laryngeal in their tortuous course, or the laryngeal fibres 
in the vagus or accessory nerve, or the direct laryngeal nerve is subject 
to pressure. New-growths are the principal cause of such paralysis. 




Fig. 29 — Laryngeal Headlight. 

The left nerve is most exi)()sed to injury owing to its course around the 
aorta. Mention is made of the condition under Aneurysm. 

Causes. Aneurysm, pleural thickening, mediastinal tumors, en- 
larged bronchial glands, carcinoma of the (esophagus, enlarged thyroid 
and even pericardial effusirms are assigned as peripheral causes of 
the lesion. 

THE OPHTHALMOSCOPE. 

The examination of the eye-ground by means of this instrument 
adds greatly to our diairnostic knowledge. Much information is within 
reach of the general observer even though he has not received special 
training in technic. 

Besides diseases strictly i)ertaining to the eye, the following con- 
ditions are worthy of attention. 

Chon)i<iitis. Syphilis, rheumatism and gout often originate the 
cHsease. Typhoid and [)ueri)eral fevers, septiciemia and conditions 
causing thrombosis arc sometimes complicated by it. 

Tuherrh of fhr rhantid is observable in miliary tuberculosis; 
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gumma in syphilis. Sarcoma of the choroid is met with occasionally, 
the subjects being usually above thirty-five years of age. 

Pulsation of the retinal veins occurs during cardiac diastole but 
is physiologic. Pulsation of the arteries is generally pathologic. It is 
seen in states of increased or diminished arterial tension and occurs in 
aortic regurgitation with hypertrophy, in Basedow's disease, in syn- 
cope after hiemorrhage. 

Papillitis is most fre(|uently caused by intracranial diseases, es- 
pecially cerebrnl tnmors or meningitis, but glycosuria, albuminuria,. 




I'ii?. .^o— LarvnjToal Retlcctor. 



lead-poisoiiiiig. aiui'inia, amniorrhiea and syphilis also are recognized 

causes. 

Atrophy of fht optic n< rw occurs in spinal diseases as tabes dor- 
salis, in syphilis, diabetes and malaria. Toxic agents, alcohol, tobacco 
and lead are designated as causativt*. 

Cardiac valvular diseases may cause embolism of the retinal 
artery, as may also albjuninuria and pregnancy. 

Hctinal hamorrhatp may result from numerous derangements of 
the vascnlar system, as arterial sclerosis, valvular diseases, especially 
mitral disease*, embolism and thrombosis, miliary aneurysm and the 




Fig. 31 — Morton* s Ophthalmoscope. 



white patches upon the r*^tin*i — jilbinniuiirip e-etinitis — whkh arc seen 
in Bright ^ft diseagi« have often iwealt^tl the iiiakdy when entirely un- 
suspected. 

Cuiaravt. Dinhetes i?* a wel! established eaus*^ of eataract. 





SECTION IV. 

SYMPTOMS OF PATHOLOGIC CONDITIONS 
OF THE CHEST. 

coi;(;h. 

Anion*: the adventitious sounds one which plays a most prominent 
role is eouijli, and while its presiMiet* does not always indieate de- 
rangements of the respiratory apparatus yet by reason of its para- 
mount imi)ortanee as a physi(*al si^rn, and its ahnost univ(M*sal asso- 
ciation with all i)atholo^ie ehan<res, however sli*rht, in th<' breathing 
and voeal ai)paratus, it is best eonsid<Med aIon»r with the pulmonary 
adventitious sounds. 

(.'ou^h is a sudden, sin*rl<* or multiple vioh»nt expiratory ell'ort, 
spasmodie in ori^nn, with th<^ object of expellin*; some irritatintr sub- 
stance from the air passa^'es. Each eou^rh is accompanied by a sudden 
openinir and closure of the *:lottis so that the air is expelled in forcible 
blasts. 

Tin' character of a cou^^h varies irn*atly. not only durin^^ the 
course of any sinjrh* disease, but vai-ies likewise with the nniltifarious 
pathol(»«^ic conditions which originate it. In the bejrinninir of some 
diseases it is so characteristic that the naturt* of the affection may be 
foretold by the cou»,'h alone. With the pro«rress of tin* disease* this dis- 
tinctiveness is often lost, as in plithisis, while in other maladies, as 
whooping cou«rh, it develops as the disease* pro*rn»sses. 

Coujrhs are <//»/ oi- nioisf as to wliether they are or are not accom- 
panied by expectoration. Accordinj; to the location of the diseast^ 
which originates it cou«rh is spoken of as laryntreal. tracheal, bronchial, 
cardiac or sympathetic. The possibility of stomach cou^h in the sense 
used by the older writers is now j^^enerally denied. 

Dry cou^'hs are indicative of the primary sta^re of almost all in- 
flammatory affections of the laiynx and pulmonary system. In pleu- 
risy and the early stage of phthisis, dry coujrh is si<rnificant. 

Coufjhs due to pressure of various tri-owths upon nerve trunks 
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associated with the respiratory tract, particularly such as involve the 
recurrent laryngeal nerve, the cough of cardiac affections, thoracic 
aneurysms and some other conditions, remains dry throughout ita 
course or is accompanied by so little expectoration as to merit that 
distinction. Irritation of the air passages, whether inflammatory or 
n(m-inflammatory, will likewise cause dry cough, as nasal polypi, rhin- 
itis, acute and chronic inflammation of the fauces or tonsils, elongated 
uvula and hypertrophied tonsils. A similar cough is caused by many 
ailments the seat of which is entirely removed from the air tracts, and 
while the relation of cause and effect is indubitable, yet from the man- 
ner of their production they must be classified as sympathetic. Thus, 
dentition, intestinal parasites, various organic diseases of the brain,, 
the stomach, the intestines, the heart or the blood vessels number 
cough among their symptoms. Diseases productive of dropsies, such 
as changes in the peritoneum, kidneys, liver and valvulai* diseases of 
the heart likewise manifest this physical sign. It is a common mani- 
festation of hysteria and states of high nervous excitement. 

Dry cough is of a peculiar irritant character, affecting alike both 
possessor and listener. I have sometimes attributed this impression on 
^he listener to the undefined sense of wasted effort. 

A careful study of the varying character of cough in its many 
phases is instructive. Laryngeal cough is ringing and brassy, although 
the voice is husky; nasal and pharyngeal coughs are ** hawking and 
hemming^* in character. The cough of croup is so characteristic as to 
originate the adjective ''croupy.'' That of false croup is husky^ 
raucous, stridulous and brassy. The most noticeable quality of chronic 
laryngeal cough is hoarseness. Likewise vocal hoarseness accompanies 
most other laryngeal disorders. The cough of emphysema is loud„ 
harsh, wheezing and paroxysmal. The characteristic spasmodic cough 
of whooping-cough is so well known as scarcely to need description. 
It consists of a violent, protracted series of abrupt, forcible expiratory 
efforts, followed by a long-drawn inspiration which is accompanied by 
a hoarse noise called the whoop, from the similarity of the sound to 
the syllabic. The cough usually continues with brief interruptions 
until expectoration or vomiting supervenes, only to be repeated again 
after varying brief intervals. Prior to the development of the whoop„ 
which appears at the end of the first week, the disease presents no 
signs which distinguish it from ordinary catarrhal bronchitis, more or 
less of which is associated with it throughout its course. 
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Commonly associated with certain coughs is an annoying? tickling 
sensation in the throat, the patient frequently observing that if the 
tickling were stopped, the c()Uii:h would disappear. 

Cough is atlVcted by position, l)ein»x usually worse during the 
recumbent posture; by time, being usually worse at night, or, as in 
chronic bronchitis and phthisis, worse in the early morning. 

KXPE("r()RATl()\. 

Expectoration is the consunuiiation of such coughs as progress 
through an ordei'lv secpience or which belong to the series that we have 
designated as ntoisf coughs. The matter expectorated often possesses 
such physical, chemic or microscoi)ic characteristics as positively to 
identify the source and character of the disease, as in phthisis, pneu- 
monia, bronchitis, abscess of the lung and a few others. 

The amount of si)utum ex[)ectorated varies largely with the dis- 
ease and may reach lOOO cc. in twenty-four hours. The consistency of 
the sputum varies greatly, as a rule it is less when the amount is great. 
The C(msistcncy is extreme in the fii-st stage of acute pneumcmia, 
bronchitis aiul [)hthisis. In these cases, especially in pneumtmia, it is 
a familiar fact that the sputum cup may be inverted without h)ss of 
the jelly-like contents. Sputum containing air floats, while d(»nser, 
airless masses sink. Very dense s[)utuni jissumes round or Hat. disc- 
like shapes, and when such masses float in thinner expectoration, we 
have the coin-like or nummular sputum, of which the cavities of tuber- 
culosis give us the best examples. Small, cheesy [)ai-ticles which sink to 
the bottcmi of the cup are likewist^ indicative of i)hthisis and usually 
contain large numbers of tubercle bacilli. In cases of pulmonary 
cedema the fluid expectorated is thin, serum-like and covered with 
froth. The sputa of pulmonary gangiene, of perforated emi)yema 
and of pulmonary abscess may be composetl almost entirely of pus, 
which nuiy i)ossess a strong, distinctive odor. The color of the sputa 
varies from the Iranspan^ncy of mucoid <'xpectoration to the dark- 
brown or red of admixed blood. The white color indicates leucocytes, 
yellow and gre(»n sputa an* purulent, bile pigment also gives a green 
color to the exi)ectoration. Ked denotes blood. Pulmcmary gangrene 
gives rise to a fetid, chocolate-colored sputum. This form of sputum 
contains various (elements deserving of more |)articular intention, such 
as elastic tissue filxM's, th«» prescMice of which always denotes some de- 
structive process in th(» pulmonary tissue. Such destruction occurs in 
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phthisis and abscess as well as in j^angrene. In former days the recog- 
nition of these fibers was, taken in connection with other physical signs, 
the surest indication of phthisis at the connnand of the diagnostician. 
Fibrinous casts are found in the sputa in the course of pneumonias 
and sometimes in bronchitis. They may be recognized by the eye and 
beautifully demcmstrated by shaking them with a little water in a 
large test tube. 

The sputum of bronchial asthma is very distinctive and finds no 
counterpart in any other atlVction. It (M)ntains small, translucent 
pellets or gelatinous masses, named by Lacnnec, *'perles'\ These ball- 
like masses, when unfolded, an^ found to be nnicous moulds of th^ 
smaller tubes. The entire sputum may consist of these bodies floating 
in thin mucus. If a portion of the sputum be spread on glass and 
held over a dark background, it will Ih* found that among these masses 
are some which have a twisted or spiral shape recognizable by the 
naked eye, others, when unravelled and viewed under the microscope 
present the same structure. They assume one of two forms. In the 
first a few mucin fibrils are twisted upon each other and enclosed 
in their meshes are entangled a small number of leucocytes, generally 
eosinoi)hiles of large size and containing numerous fine granules stain- 
able with eosin. In the second form the mucin fibrils are much more 
numerous and are tightly twist(»d around a crooked central fiber. En- 
closed within the skein are a few c(*lls. Curschmann views the threads 
as transformed nnicin formed in the finest tubes as the result of a 
bronchiolitis. It has been statinl that these bodies have been found in 
the sputa of chronic bronchitis and of croupous pneumonia, but Osier 
says he has never found them therein. 

The above-described sjuita often contain pointed octahedral crys- 
tals first described by Leyden and called Charcot-Leyden crystals. 
They occur later in the attack, while the si)irals are found <'arly. If, 
however, the sputum containing the spirals be kept for several days it 
is said that the crystals will develop from the spirals. These crystals 
are found very occasionally fn acute and chronic bronchitis and 
phthisis. Tnder the microscope they appear either as small, straight 
hexagonal prisms or as granules of varying size: they are cpiite gener- 
ally a.ssociated with free eosinophilic leucocytes as already stated. The 
crystals are found in the blood in myelogenous leukiemia. 

The boiled savro-like grains which often appear in the sputum are 
due to the presence of alveolar cells which have undergone myelin 
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degeneration and are merely indicative of a catarrhal process without 
other distinctiveness, althou<rh they nre often encountered in early 
phthisis. 

The presence of tubercle haeilli jind the (li[)l()coccus pneuinoniie, 
and the methods of demonstuitin*: them by stains, are discussed under 
their api)r()i)riate headings. 

ILKMOPTYSIS. 

fh/inifioH. lI;emoptysis is the expectoration of blood which has 
e8(?aped into the air passa^'cs. Occasionaly blood escapes into a cavity 
which is not in communication with a bronchus, in which case there 
is no exi)e<'toration of blood. Thus there may be extravasation of 
blood into the pleural sac or a pulmonary aneurysm may rupture into 
a cavity which has no connnunication with th<^ air tubes. 

Canst s. The most connnon causes of ha'moi)tysis are: 

(a) The ruptui'c of an aneurysm on some branch of the pul- 
monary artery. 

(b) Krosion of a branch of \\\v pulmonary artery due to disease 
of whatever nature. Such ha*morrhay:es occur during: the advanced 
stages of phthisis, bronchiectasis, cancer and occasionaly in »ranjrrene 
of the lunj^r. 

(c) Active or passive hypera*mia of eitlier the bronchial or pul- 
monary cai)iHaries. in this case the (plant ity of blood is small com- 
pared with the other lesions. Such hjemoptysis occurs at the outset 
of phthisis, in acute broncho-pneumonic phthisis, in acute miliary 
tuberculosi.s, bronchiectasis, cirrhosis of th<' luuir. emphysema, in the 
initial stai^es of i)neumonia and l)ronchitis: in pulmo!iary j;an»rrene, 
cancer, absc<»ss, in sliort, all inflammatory dis<»as(»s of the lun*;. In 
these cases the <piantity is often only sulTieient to streak the sputa. 

id) Injuries to the luiiirs and pleura, tumors and parasitic in- 
vasions and all forms of phMii-isy may irive rise to iia*morrhage.- 

(e) In younjr, healthy i>ersons lia-moptysis may arise without any 
assijrnable cause, without warnin«r, continue a lew days and pass 
away without l(*avintr any subsecpient t(»k(Mi of its visitation, and the 
attack may never be repeated. 

(f) Ihemoptysis occurring: with lesions of the cardiac valves, 
particularly in mitral insufficiency and mitral stenosis and. in aortic 
insulTiciency. Here it may !)♦» profuse and n'cur at rejrular intervals 
for vears. 
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(g) Haemoptysis accompanying certain impoverishments of the 
blood, particularly rickets, scurvy, purpura, hiemophilia and occasion- 
ally leucocythaemia. Under this head may be included the haemoptysis 
of malignant fevers. 

Ulcerative affections of the larynx, trachea and bronchi give rise 
to haemorrhages which may be profuse and rapidly fatal. Such ulcer- 
ation may occur even in bronchitis. Aneurysm of the aorta may ulcer- 
ate into a bronchus or the trachea. Vicarious hiemoptysis replacing 
menstruation is too well established to be denied. A recurrent 
haemoptysis of arthritic subjects is described by Sir Andrew Clarkr- 
In these cases the patient is beyond fifty years of age, the haemorrhages 
recur without any serious disease of the lungs being present or devel- 
oping after the attack. 

Character of the expectorated blood. The quantity varies from 
a mere show to a litre, the rupture of an aortic aneurysm into a 
bronchus may amount to the latter (piaiitity. The blood is bright-red 
when moderate in amount, but if enormous may be dark or venous- 
colored. It is mixed with the bronchial secretions formed in the vari- 
ous diseases with which it occurs. When in any considerable amount 
it is frothy from admixture of air. The bl(x>d of haemoptysis is alkaline 
in reaction, a point which serves to distinguish it from blood derived 
from the stomach. If it is retained for some time within the lungs 
it coagulates and its color is dark-brown or black. It is then often 
coughed up in strings or moulds of the bnmchioles. For several days 
after a haemorrhage the secretions will be stained with brownish 
streaks. 

Sympto7ns. These vary with the gravity of the attack. When 
large (luantities of blood are suddenly lost the symptoms are more 
grave than when a like quantity of blood is more slowly lost. In the 
graver cases blood may pour out of the nose and mouth or it may be 
coughed up in gulps. Blood which has been swallowed may be after- 
wards vomited or be passed by the bowels. 

The symptoms are great pallor and anxious expression of face, 
<5old, clammy skin, small feeble pulse, faintness and coldness of the 
extremities. During the attack there is a decided fall of temperature, 
but subsequently a febrile reaction sets in, the temperature rapidly 
rising to 102° or 104° F., then falling by gradations for several sue- 
<;essive days. This fever will continue, especially in tuberculous cases, 
for several days to a week, even in patients where there was little ele- 
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vation prior to the accident. The hivniorrhajjes of piihnouary tuber- 
culosis may be separated by wide intervals and some tuberculous cases 
terminate without any distinct haemoptysis, while other cases are 
marked by periodical recurrences. 

If ha»morrhatie conies from a ruptured pulmonary aneurysm the 
quantity is apt to be larjie, but if the termination is not fatal, the 
openin»r closes and the dan^rer passes. If a vessel erodes the closure is 
by clot, which may be dislodired. allowint; a repetition of the hann- 
orrhajjre at intervals of a day or two, as is often observed. 

Diagnosis. Inspection of the front of the chest and auscultation 
with a stethoscope may be made durinjr the ccmtinuance or imme- 
diately after the hiiinorrhajie, but no attempt at percussion nor 
chanj^e in the position of the patient is permissible, neither should he 
be allowed to speak, couy:h or even breathe deeply. A few moist rales 
may be heard towards the apex. A previous knowledge of the presence 
or absence of tubeiculous si»»ns is most useful. The heart may be 
examined early, in order to ascertain wheth(*r or not the valves of 
that organ be diseased. 

Difficulty is often encountered in determinintr from the history 
of a case whether a previous attack has been one of luemoptysis or of 
ha^matemesis. If the patient is seen durinj; the attack the dilTeren- 
tiation is easy. In case of a i)revi()us seizure, it should be ascertained 
whether the patient had suffered from couj:h, expectoration, shortness 
of breath and other symptoms referable to the lun^s, or whether he 
had previous to the attack dyspepsia, vomitin^^ or other jiastric symp- 
toms, or jrives a history of hepatic di.sease, particularly cirrhosis. I^er- 
haps splenic enlary:ement may be made out. These three orj^ans are 
the chief malefactors in ha»matemesis, while the lun^s, the heart and 
the vessels assume the same roles in hivmoptysis. The history may 
show whether i)iHn'ious or subsecpient to the attack the sputum was 
streaked with blood, and whether faintness preceded it. Sometimes 
also, in the case of intellitrent patients, (me can ascertain other valuable 
facts, as to whether the attack came on during a fit of coughing or of 
vomit in^^ and whether or not the blood came all at once or in successive 
mouthfuls. 

The conmion recital of the ])atient in the case of haemoptysis is 
that he **f<»lt a ticklinjr in the throat,'' or **had a salty taste in the 
mouth, followed by the blood.'' Such a description does not apply 
to ha^matemesis. 
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lu luvmatemesis the blood is dark in color, acid in reaction ; if it 
has remained lonj? enough in the stomach to be acted on by the gastric 
juice it resembles coffee-grounds. It may be mixed with food. It is 
generally clotted. Vomiting is often preceded by a sense of faintness. 
The passages subsequent to the attack are tarry, but it must not be 
forgotten that during an attack of haemoptysis blood is frequently 
swallowed, to be afterwards vomited or passed from the bowels. For 
convenience we arrange the above symptoms in parallel columns, as 
an aid to differentiation. 



Hccmoptysis. 

1. History and symptoms of 
pulmonary disease. Cough, moist 
rales. Signs of cardiac valvular 
disease. 

2. Sputa blood-streaked before 
and after the attack. Attack 
comes on during cougliing. If 
vomiting, it is subsequent to 
seizure. 

3. Blood aerated, alkaline in 
reaction, frothy, bright-red in 
color, clots readily; mixed with 
pulmonary secretions, pus. 

4. Local physical signs. 



Hccniatcmesis. 

1. History of disease of stom> 
ach, liver or spleen: enlargement. 
Xo physical signs of valve dis- 
ease. 

2. Attack comes on during 
vomiting, often preceded by 
faintness. Blood comes en masse. 



3. Blood dark-brown or black 
in color, acid in reaction, mixed 
with food, usually in coarae clots 
or coffee-grounds. 

4. Mehena and nausea subse- 
((uent. Local physical signs. 



The following signs of all severe internal haemorrhages are com- 
mon to both conditions, viz., restlessness, extreme pallor, a quick, 
feeble pulse, syncope, subnormal temperature, skin clammy or bedewed 
with cold perspiration, breathing shallow and feeble but hurried, great 
thirst. In fatal cases consciousness is apt to be retained longer in 
haemoptysis than in luematemesis, since the stomach los(*s its power to 
expel the blood earlier than do the lungs. 

In cases not presenting the ordinary physical signs the larynx 
should be examined for a ruptured vessel or ulceraticm, as mentioned 
under causes. 

Syphilis of the trachea and bronchi is also an occasional cause of 
ha?morrhage, likely to be overlooked. 
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I)YSPX(EA. 

Difficult breathiii«r aceonipanies a variety of disorders of very 
diverse character. Sometimes it is the direct result of «rross lesiims 
of the respiratory or circulatory systems, at ()th(?rs it is due to the 
presence within the or^ranism of toxic materials and occurs wholly 
apart from discernible lesions. In still other cases subjective causes, 
as pain or even hysteria, are n»sponsible for its presence. Certain 
constitutional vi<*es, as rickets, while not wholly accountin*: for its 
oncomintr, are yet contributory and aujrment it when pn^sent. 

Amon»r diseases of which dys[)n(ea is a well reco<rnized symptom, 
asthma, of either the bronchial or cardiac type, stands in the front 
rank. Of the former variety it is the leadinjr symptom. Further- 
more it is seen in all inflammations of the respiratory tract from the 
Schneiderian membrane to the ultimate air cells. It (H»curs with 
eoryza, with nasal polyi)i, hypertrophy of the tonsils, retro-pharyn- 
^eal, (Fsophajreal, or fauceal abscess, and <iuinsy. It is characteristic 
of obstructive inflammations of the larynx, as diphtheria, of new- 
growths or paralysis of the or^an, and of th(» spasmodic condition 
known as laryn^isnuLs stridulus. In catarrhal inflammations of the 
larynx it plays a less i)rominent role. The diseases of the trachea, the 
bronchi and the lunjrs of which it is a symptom are more particularly 
described in this work. It may be said to be associated in varying 
degree with the (Mitire list, as well as with those of the pleura. Ad- 
mission of air into the [)leural sac, as from ulceration, may cause its 
sudden onset, as d(u»s also perforation from without. Cancer of the* 
respiratory tract, and ^'specially cicatrices resulting from previous: 
ulceration, are inchuh^d in the etiology. 

Its intinuite association with all forms of heart disease is well 
known, and here it often forms a sale barometer indicating plainly, 
by its rise and fall, not only the state and progress of the disease, but 
likewist* the efficacy of the treatment. It acc(mipanies end<x*ardial and 
pericardial infianunations. Intrathoracic growllis are causes, both, 
directly, through the obstruction which they produce, and indirectly, 
by their influence upon the respiratory nerve mechanism (see Aneur- 
ysm). Acute mediastinal lymphadenitis giv(\s rise to paroxysmal 
dyspua»a: de Mussy holds that the dyspncea of whooping cough is due 
to this cause. Thrombosis and embolism of the pulmonary vessels, 
as well as cerebral embolism, are occasional but grave causes. Any 
condition which materially alters the intrathoracic pressure, operating. 
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either from within, as emphysema or eft'usions into the pleural or 
peiicardial sacs, or operating from without, as tumors, hypertrophies 
and dropsies below^ the diaphragm, may likewise cause dyspnoea. Kid- 
ney diseases, unaccompanied by dropsy, owing to faulty elimination 
manifest it, and in ura»mia it assumes a peculiar type. Its intercur- 
rence during the course of, or during convalescence from scarlet fever 
should suggest scarlatinal nephritis. It is present in apoplexy, cere- 
bral tumors and other diseases of both brain and cord. Alcohol and 
t^oxic substances absorbed into the blood, as well as changes in the 
blood itself, are known factors, hence its share in the symptom-group 
of the aniemias. In progressive i)ernicious anaemia it progresses with 
the case and is the type of the so-named aniemic dyspnoea. In largr 
goitres and in Lud wig's angina dyspnoea results from tr;*cheal com- 
pression. 

The dyspnoea of obesity is a matter of daily observation. 

Classification. Dyspna^as may be classified as mechanicaly chem- 
icah and nervous. The first includes all those forms which arise from 
pressure and obstruction, thereby causing a reduction of the air cur- 
rent; from deformities and from lesions which result in hypostasis. 

Chemical causes are toxicity, imperfect aeration and the accumu- 
lation of CO^, as occurs in febrile diseases and faulty elimination.. 

Nervous and reflex causes include spasmodic cases, affections of 
the respiratory center, peripheral irritati(ms, and palsies. 

In many cases two of these factors unite to produce the dyspnoea. 
According to its relation to respiratory rhythm we classify dyspnoea 
SLH inspiratory or expiratorv'. 

Appearances and Physical Signs. The dyspniea may be plainly 
manifested by the expression and attitude of the sufferer, the marked 
evidences of pain, the appearance of labored breathing, the cyanosis 
or the pallor of the skin, or the noises which accompany the respira- 
tory acts. The respirations may be lessened in number, but arc much 
oftener increased. Normally the number of respirations is 18 to 20 
per minute for men, and 20 for w^omen. In children the number va- 
ries with age, being 45 per minute at birth, 25 at the fifth year, decreas- 
ing to 18 at the fifteenth year. The number of respirations is influ- 
enced in health by the same causes which increase or diminish the 
pulse rate (see Pulse). The relation of the breathing rate to the pulse 
rate is one to four, or one to four-and-a-half, in health. The num- 
ber should be reckoned without unduly attracting the attention of the 
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patient) since this consciousness involuntarily increases the number. 
Oft times the movement of the bed-clothes suffices for ascertaining the 
number. If the breath-pulse ratio above given is much exceeded, we 
may suspect that the disorder has to do with the respiratory function, 
while if the pulse-breath ratio is altered materially, the probability is 
that the circulation is at fault. A previous knowledge of the con- 
dition of the patient substantially aids in the appreciation of the 
situation, since in aggravated cases a complt»te examination may be 
impossible. Yet even here valuable infornuition is afforded by vis- 
ible signs, as pulsation, the presence of oedema, anasarca, signs of 
pressure, of spasm or obstruction, collections of fluids, or even of exu- 
dation into the air cells. Perhaps the heart-sounds may be listened to 
without greatly adding to the discomfort of the patient. Careful 
attention to the neck, throat and abdomen is ri»commended. Dilata- 
tion of the nares aecom])anies inspiratory dyspncea. The accompany- 
ing sounds may aid in locating the seat of the disease, as well as inti- 
mating its nature. In obstruction of the larynx or trachea, or spasm 
of the cords, the sounds are loud, rough, vibrating or snoring, and 
the auxiliary muscles of respiration are brought into play. Some- 
times the sounds suggest a valve-like obstruction to inspiration, and 
the act ends in an abrui)t croak or s(|ueak, as in laryngeal diphtheria. 
Abscess about the fauces or intianunation of the tonsils imparts a pe- 
culiar hoarseness and choking, and is accompanied by incessant efforts 
to expel the viscid secretions. Affections of the glottis, ulcerations and 
tumors of the larynx, give to respiration a crowing sound or a stridu- 
lous character. Bronchial obstruction, when sufficient to cause con- 
siderable disability, imparts a whistling or wheezing note to the respir- 
ation, which may be h(»ard only on inspiration, or on both inspiration 
and expiration. Fluids give rise to rales or gurgling sounds. Pneu- 
mothorax sometimes is accompanied by a sighing or gasping breath. 

Cough occurs in no inconsiderable pro[)ortion of dyspnceas, as 
readily would be concluded from scanning the list of causes. Fits of 
coughing, as a rule, incn»ase the dyspncea, or the dyspiuea may occur 
only during and after coughing, as in pertussis. In almost all con- 
solidations of pulmonary substance the same observation holds good. 
Kxpectoration generally l)rings relief, as in bnmchiectasis. 

Th(» term dyspncea is not, however, confined to the phenomena 
above describcnl, in which the breathing is manifestly labored, and in 
which auxiliary aid is sought. The trrm is ({uite as applicable to those 
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diseases in which a decided increase in the number of respirations oc- 
<?urs without particular effort as is seen in pneumonia, in which the 
rate may rise to 60 or even 80 per minute. This form belonj^ properly 
to the second division of our classification, viz.. Chemical Form. 

Allied to the latter form is the dyspnoea which occurs upon ex- 
<»rtior The patient may be quite comfortable so long as he remains 
<|uiet or recumbent, but the exertion of sitting up brings on an attack. 
Such dyspn(ea occuis fre(|uently in convalescence, but is not con- 
fined within its boundaries. In another variety the patient may be 
free from discomfoit so loiij: as he walks on a level or walks at a 
moderate pace, but should he attempt a slight ascent, or should the 
necessity to (piicken his pace arise, the attack sets in. This may be 
the first admonition to the patient that his mechanism is deranged. 
Dyspnoea in young children often shows itself in the inability 
of the child to inirse, although obviously anxious to do so. The neces- 
sity for breath causes it (juickiy to relinquish the effort. This is espe- 
cially marked in nasal and laryngeal affections, either obstructive or 
spasmodic. 

Cardiac dyspiuea may come on suddenly or gradually, after ex- 
ertion or when the subject has been perfectly (piiet. It is often ac- 
C()mi)anied by excessive pain. The resemblance of this affection to 
bronchitic asthma has given it the name of cardiac asthma. The 
i^pasmodic nature and the absence of mechanical causes point to the 
nerve influence as an etiological factor. It not infrequently comes on 
suddenly during the night. Its causes have been already listed. 

The peculiar sudden dyspnoea of i)ulm(mary embolism is des(»ribed 
in that section. 

Xcrrous (lyspna^a, the third class, has already been touched upon 
by reasoii oi the impossibility of completely separating the three 
classes. It is apt to be combined with mechanical causes, since pres- 
sure ami perii)heral irritations of nerve terminals are potent factors 
in exciting spasm and other evidences of reflex action. Hence, in diph- 
theria, in all forms of laryngeal inflammation, irritations the result of 
of growths or foreign bodies in larynx or trachea, and, as already 
stated, the influence of an aneurysm, may cause alarming and even 
fatal spasm of the glottis. The nervous influence in the production 
of bronchial asthma is described in the section devoted to that malady. 
That it is the result of transient spasm is indicated by the suddenness 
with which it comes and goes, the manner in which it is influenced by 
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nervines, and the influence which certain odors or irritants when in- 
haled exercise in the development of the attack. 

Hysterical dyspntea l)(*lon<:s to this catej^ory, and the dyspncea 
of pregnancy sometimes seen (»arly in the case, apart from any albu- 
minuria, cardiac or kidney lesions, is ])artly mechanical and partly 
nervous. The dyspiKca of the later stagt\s is almost purely mechan- 
ical. 

Ri nal dyspntea shows itself in two forms, the earlier form usu- 
ally appears aft(»r exertion ami in this respect closely ivsemhles the 
corresponding form of cardiac dyspncea. The second form i.s probably 
of nerv(ms orijrin. and markedly reseml)les spasmodic bronclvial 
asthma. The ditt'cnMitial diagnosis between the two forms should be 
based upon evidence point in»r to disease of the one or the other orjran. 
In sooth, the various forms are all differentiated by si<rns and evi- 
dence conlirmatory of patholo«ric chanj^es sufticient to account t\)r the 
attack havin^r occurred in the orjjans and ti.ssues involved, and by the 
careful exclusion of similar chanties in the other orj^ans which mii;ht 
give rise to corresponding symptoms. 

Orthopna'a is inability to breathe while lying down: it is a grade 
of dyspncea. In some cases it is so .severe that the i)atient must sleep 
with tlu* head resting on the arms or on a table. While the patient 
may be nble to bend forward, yet the slighest backward tilt brings 
a sens(» of impeiuling suffocation. Orthopmcea sometimes occurs in 
oedema of the lungs, in high grades of pulmoiuiry congt»stion and in 
pleural (effusion, but usually it is associated with scmie cardiac lesion 
or with an advanced aneurysm. In the absence of signs of i)ul!nonary 
involvement the probability of the cardiac origin is increased. Peri- 
carditis nuiy cause it, particularly when adhesicms form. IiuTcased 
strain thrown upon the heart in th(» course of other diseases which 
cause lesser grades of dyspncea. ami intercurrent cardiac complica- 
tions may produce it : hence it nuiy be paroxysmal. The assumpticm 
of the erect postun^ is exi)lained by the fact that the organs are less 
hampered in this position, the auxiliary muscles are more easily fixed, 
and fluids gravitate to levels where they interfere less with the air 
interchange. In some cases a satisfactory ex[)lanation is not apparent. 

CYANOSIS. 

(Vanosis is closely related to dyspncea, and great dyspiuea usu- 
ally presents a considerable degree of cyano.sis, yet each may occur 
without the other: thus, in that group of congenital cardiac defects 
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known as congenital cyanosis, or morbus cceruleiis, while cyanosis is 
the most evident sign, dyspnoea may be wholly lacking. On the other 
hand, severe attacks of tachycardia may be attended with marked 
dyspnoea, yet cyanosis be lacking. 

Cyanosis may affect the entire body, or only the extremities may 
show signs of it. The face is affected in all except the lighter grades. 
The lips and the finger-tips are the first to give evidence of it. All 
diseases interfering with the entrance of air into the lungs cause 
cyanosis directly proportional to the degree of interference. Dis- 
eases and conditions interfering with the normal exchange of gases 
which occurs in respiration, and which permit the retention of COj 
within the body, naturally produce cyanosis. Hence, diminution of 
the cell areas of the lung, such as occurs gradually in the course of 
consolidations, or (piickly, as in compressions and exudations, is fol- 
lowed by this result. Even in severe bronchitis, especially of children, 
a considerable degree of cyanosis is manifest. Pneumothorax exer- . 
cises a similar influence. In pleurisy it increases with the amount of 
the fluid. 

In cardiac diseases, it is one of the general manifestations, and 
increases with the dyspncea. Diseases involving the right heart mani- 
fest it to a greater degree than those of the opposite side. It is marked 
in tricuspid disease. 

Conditions of the blood which diminish the oxygen-carrying 
power cause lividity and cyanosis. Thus, it is seen during the admin- 
istration of amesthetics, in many forms of poisoning, as by nitrous 
oxide, after a dose of morphia, the inhalation of irrespirahle gases, 
especially COj, and coal-jias. Diseases and neuroses of the larynx 
which cause dys[)ncea, also cause cyanosis; as paralysis, and laryngis- 
mus stridulus of children. In the chronic infantile stridor of Taylor 
and Lee, dyspnoea is without cyanosis. Acute laryngitis produces 
lividity of lips and finger-tips. Laryngeal diphtheria may produce a 
high trrade of general cyanosis. 

The chronic cyanosis of heart diseases is followed by permanent 
changes of an indurative nature, as j)igmentation and sclerosis. Cyan- 
otic induration is described in connection with diseases of the lieart. 
CLrBBIXG OF FIX(}ERS AND TOES. 

In various chnmic disease of the chest there occurs a thickening 
and curving of the finger ends and to a less degree of the toi's and 
the nose, to which the name of clubbing is given. 
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It was mentioned by Hippocrates and is called '*Digiti Hippo- 
cratici.'' Trousseau describes it as follows: 

**The deformity consists in a contraction of the ungual phalanx 
with enlargement and thickening of the digital pulp. While the nail 
curves towards the palm, the extremity of the finger assumes the form 
of the large end of a club and sometimes in enlarging it flattens so 
as to resemble the head of a serpent. This deformity generally come» 
on by slow degrees but at other times it is produced with great rapid- 
ity, the patient suffering pain during the process. In some persona 
the toes are the seat of a similar deformity, but when it occurs in the 
toes it is generally in a much less degree than in the fingers.*' 

Trousseau does not mention the change as affecting the nose, but 
other writers call attention to this fact, and I have seen it occasionally. 
It has also been stated that in the digital affection the nail is raised 
from its bed and that by bearing down on its proximal end, the hard, 
elevated margin of the root of the nail may be felt. While in most 
cases this is true, and the stretched, shining atrophic skin over the 
root indicates the hyperi)lasia beneath, yet^ (luite frequently in my ex- 
perience, the nail has been sunken and the hyperplasia seemed to sur- 
round it as a wall. Particularly is this the case in the flat clubbing, 
likened by Trousseau to the head of a serpent. The enlarged digits 
often show cyanosis. The disease is general and bi-lateral although all 
fingers are not equally affected. In a recently reported case of sub- 
clavian aneurysm it occurred only upon one side. It has been known 
to appear and disappear without any known disease beinjr associated. 
Its progress is generally slow but it may attain considerable propor- 
tions in two or three weeks. In the order of the frequency of its asso- 
ciation it (KHMirs in bronchiectasis, chronic pulmonary tuberculosis, 
especially in c(m junction with cavity, emphysema, chronic bronchitis, 
chronic asthira, empyema, congenital heart affections accompanied by 
cyanosis, and certain valvular lesions. In the first mentioned, its oc- 
currence is so fre<|uent as to be of some diagnostic value and is apt to 
be associated with changes in the nose and toes. In mitral insuffi- 
ciency it occurs especially when a child is the subject of the attack. 
Its association with pulmonary tuberculosis is well-illustrated in dis- 
pensary practice. 



SECTION V. 

BRONCHITIS. 

Definition. An acute or chronic inllaniniation of the bronchial 
tubes occurring primarily or in the course of various diseases. When 
the finest ramifications of the bronchi are the seat of the disease it 
is called capillary bronchitis. 

ACUTE BROXCIIITIS. 

Inspicfion shows only slight increase in the number of respira- 
tions, which occurs in the febrile stajre of the acute attack. The res- 
pirations have a s(miewhat hurried charactei*. 

Palliation. Vocal fremitus normal. Occasionallv a distinct bron- 
chial fremitus is transmitted to the chest surface. 

Pvrcussii.n. The resonance is clear over the entire area. It may 
be slightly diminished in the lower and posterior regions wht»n large 
amounts of mucus have accumulated in the bronchial tubes. 

Auscultation. The respiratory murnuir changes, becoming more 
bronchial and harsher in character. Expiration is usually (piite no- 
ticeable, which is not generally the case in health. New sounds are 
present, called rales. These may at first be dr\" and afterwards be- 
■come moist, more usually both exist at the same time and are heard 
in different areas. Sometimes they are so harsh in character and so 
widely diffused as to mask the breathing sounds. The larger tubes 
give rise to large bubbling or sonorous rales, the finer ones to small, 
hissing or sibilant rales. In a very few cases, accompanied by an 
extremely viscid exudate, there may be some fremitus. In these cases 
the respiration may be broncho- vesicular and the symptoms mislead- 
ing. Ordinarily the vocal resonance is normal. 

The cardinal symptoms of acute bronchitis are cough, expectora- 
tion and dyspntea, although children below^ the age of ^\q years do 
not expectorate, and the dyspmea caused by a slight catarrhal inflam- 
mation of the smaller tubes may be inappreciable. 

The disease generally begins as a catarrh of the nasal, pharyngeal 
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ur laryngeal regions, with hoai-seness and tickling in the throat, soon 
succeeded by a sense of rawness behind the sternum, and in severer 
cases, or in emphysematous subjects a sense of tightness in the chest. 

The principal characteristics of the disease are that it is bilateral, 
that percussion and voice sounds are normal, that the adventi- 
tious sounds chaiiixe in character and location with great rapidity, 
that it is accompanied by a cough that is at first short, dry, hacking, 
painful and wliich recurs in severe paroxysms. When the hypenemia 
of the bronchial mucous membrane subsides and free stH*retion inter- 
venes the cough loses tliest* characteristics and becomes loose and pain- 
less, but is still paroxysmal. 

The sputum of bronchitis is at fii*st scanty, viscid and tenacious, 
expelled with much difficulty and adheres to the vessel. It may be 
blood-streaked. Later it is more mixed with saliva, less viscid, is 
frothy from admixed air and resembles partially-beaten white of i^^:^. 
It is now scantily mixed with leucocytes. In the third stage it con- 
sists largely of an admixture of leucocytes and mucus, becomes again 
denser, its color changed to yellow or dirty green and the separate 
mouth fuls do not agglutinate. The amount may be eight to ten ounces 
in twenty-four hours. The microscope shows nuuH)us corpuscles and 
epithelium floating in clear fluid. The epithelium is cylindrical and 
ciliated. In the second stage hyaline cells, leucocytes, epithelium, oil 
globules and a few blood corpuscles may be observed. Pulmonary 
phthisis is the only disease that n^sembles bronchitis in any of its 
physical signs, but the eourse of the disease and the al)senc«» of tubercle 
bacilli, so(m clear uj) the doubt. 

Cn pillar}/ Uronchifis. On ins])ection no ditferences from the 
above signs are noted, but in advanced ca.si's marked lividity due to 
lack of blood aeration is present. 

M( Hsuraflon, no <'hange. 

Pfrcussiitn. Note normal or slightly exaggerated. 

Vocal resonance normal. 

Auscidtaiion. Vesicular nuirmur is weakened and in scmic cases 
suppressed, t^ubcrepitant nlles are heard (m hafh sides of tin rlusf. 
If heard over considerable areas they indicate positive and extensive 
inflammation of the capillary tubes. These fine rales may be heard 
only in the dependent and posterior j)ortions of the lung, in which 
•case thev are due to the gravitation of fluid from the larger into the 
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smaller tubes. Above these areas the large moist rales may be abund- 
ant or mixed with finer ones. 

Differential Diagnosis. This disease might be mistaken for pneu- 
monia, but the normal or exaggerated percussion resonance, its bilat- 
eral character with subcrepitant rales heard on both sides, and the 
absence of bronchial breathing, should set the physician right. The 
disease attacks the aged and young children. While clinically it is 
distinguished from catarrhal pneumonia, in practice it is often im- 
possible to determine which disease has attacked the patient. 

CHRONIC BRONCHITIS. 
Presents no distinctive features, except in cases due to mechanical 
irritation, the so-called artisan's bronchitis. This type may be 
accompanied by wasting, due to induration of the lung, thus resem- 
bling phthisis, but differs from it in its essential chronicity and the 
absence of tubercle bacilli 

EMPHYSEMA. 

Definition, A chronic interstitial inflammation of the lungs, 
causing obliteration of the capillaries, associated with dilatation of 
the air spaces. 

A compensatory emphysnia is recognized when one lung, or a 
portion thereof, by reason of disease being unable to perform its func- 
tions the remainder increases in bulk and the air spaces dilate. This 
condition is not, however, pathologic. 

Physical Signs. Inspection. The patient is cyanotic, especially 
after exertion. The breathing is rapid. In advanced cases the upper 
part of the thorax is dilated and prominent, especially the sternum 
and clavicli's. The muscles of respiration and the elevators of the 
chest are hypertrophied, especially the scaleni and the sterno-cleido- 
mastoids. If both lungs are affected the chest is barrel-shaped, tht» 
spinal column bent forward, the shoulders rounded so that the patient 
seems to stoop. The middle and sometimes the upper intercostal 
spaces are widened, the lower ones narrowed, and the lower ribs drawn 
in. The above picture depicts the hypertrophic type of the disease. 

There is, however, a form of the disease in which the lungs are 
atrophied instead of hyi)ertrophied, but in which 'the symptoms do 
not radically differ from those of the above type. Atrophi(» em- 
physema is generally found in the aged, and may be looked upon as. 
a part of the f)hysii»lo.uic process of decay. 
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The chest movements are altered. Instead of the rhythmical ex- 
pansion and contraction seen in normal respiration, the chest is lifted 
as thoujLrh it were an intiexible pieet\ and, owing to calcification this 
is indeed often the case. The lowei- ribs and a])dominal muscles are 
drawn in with inspiration, tlie breathing is labored and of the abdom- 
inal type : the diaphragm beintr brought little into action. 

Palpation. Fremitus varies, sometimes it is increased, at others 
diminished. 'I'he apex ])eat is generally lowered and pushed to the 
right. 

Radioscopy shows that in emphysema the diaphragm occupies a 
lower plane and does not rise during expiration to the normal level, 
and that the heart assumes a much more vertical position in this disease 
than it occui)ies in the healthy chest. 

Mfnsiiraiion. Both the circumference oi the chest and the antero- 
posterit)r diameter are increased. The anti^ro-posterior diameter often 
equals the transverse. 

Pfvcussion. The percussion note is clear and ringing, the pitch 
being lowered but the intensity of the sound increased. It is in this 
disease that we get the typical vesiculo-tympanitic note. The note is 
not changed either by forced inspiration or forced expiration. The 
finger feels increased resistance. The area of cardiac dullness may be 
absent. Although there is very generally i)resent hypertrophy of the 
right ventricle, it cannot be demonstrated during life. 

Aiisciiltafion. The inspiratory sound is short, feeble and even 
suppressed. Expiration is greatly prolonged and may be three or four 
times as long as inspiration. The pitch of both is lowered. Rales 
of all sizes and (jualities may be heard. In those cases where narrow- 
ing of the bronchi has resulted from chronic inflammation, both in- 
spiration and expiration are prolonged, nearer equal in length, harsh, 
sibilant, high-pitched and may be accompanied by rales, especially if, 
as is usually the case, bronchitis coexists. Theoretically, vocal reso- 
nance .should be always diminished, owing to the lessened vibration 
in the air columns. As a matter of fact it varies as does fremitus, be- 
ing occasionally normal or even iiKM-eased without any satisfactory 
rea.son being evident. 

Di/fen )(tial Diarpmsis. Phnphysema might be mistaken for pneu- 
mothorax or pleural eft'u.sion. From the first it differs in that the per- 
cussion sound is always pulmonic, even if tympanitic, and the breath- 
ing is still vesicular, while in pneumothorax both are amphoric. Em- 
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p)hy8enia is bilateral, pneumothorax is unilateral and metallic tinkling: 
is diajrnostic. Percussion dullness over effusion contrasts strongly 
with the vesiculo-tympanitic not^ of emphysema. The malady is most 
frequently the sequel to bronchitis. 

IIa?moptysis, althou^'h a rare occurrence in emphysema, may take 
place and has been known to prove fatal. In fatal cases it is prob- 
ably due to rupture of the aorta, since extensive atheroma of this ves- 
sel ocfcurs in the disease. The ordinary luemoptysis of emi)hysema is 
small and unimportant. 

SPAS.MODIC OR BRONCHIAL ASTHMA. 

De/iniiwn. A spasmodic, paroxysmal pantinjr for breath due to 
contraction of the caliber of the bronchial tubes. The seizures are 
probably of nervous origin. 

Physical Siyjis. Inspection. Breathing is labored, the nuiscles 
of respiration stand out prominently, the abdominal muscles are con- 
tracted and hard. Inspiration is prolonged and labored, as is also ex- 
piration. The patient sits up, leans forward and grasps some object 
to aid in the fixation of the shoulder nuiscles. The face is cyanotic, 
the expression anxious. The chest is in a permanent state of infla- 
tion, hence shows little expansion with inspiration. 

Palpation, Rh(mchial fremitus is recognizable, vocal fremitus is 
lessened and often covered by the rhonchi. 

l*ercMSsion is unchanged in true asthma. In associated emphy- 
sema it is exaggerated. 

Auscultation. The rhythm of the respiratory murnuir is jerky 
and irregular, now exaggerated, now suppressed. The vesicular mur- 
mur is inaudible owing to lessened vesicular interchange. All over 
the chest are heard sonorous and sibilant rales with both inspiration 
and expiration, and expiration is noticeably prolonged. The dry 
rales change to moist as the attack progresses and the change brings 
relief. 

Differential Diagnosis, There are attacks of renal asthma 
which closely resemble the above form, but in these the dyspnoea is 
less marked, and the kidney lesions are manifest on examination of 
the urine. Rhonchi and rhonchial fremitus are less pronounced and 
may be absent, but the expiratory character of the dyspnoea is apparent 
in both forms. Sj)asm or paralysis of the glottis produces a dyspncpa 
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which resembles asthma, but iu these the difficulty is wholly inspira- 
tory and the rales are not present. 

BROXCIIIECTASIS. 

Definition. An aeute or chronic aft'ection characterized by dilata- 
tion of the bronchial tubes, cou»rh and characteristic expectoration. 
The dilatations may be cylindrical or sacculated. In the acute cases 
the former are jtrenerally found, while in the chronic cases the sacs are 
jrradually formed. Occasitmally the acute cases give rise to saccula- 
tions. There is also an acute and chronic form of enlarjrement of the 
bronchioles (bronchiolitis) but the physical sijjns are not sufficiently 
distinctive to allow the disease to be described apart from ])ronchiecta- 
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sis. This latter form follows acute infectious diseases, especially 
measles and whooping cough. It may become chronic. 
Clinically we recognize three forms of the disease : 

(a) Purr bronchiectasis which follows after bronchitis, espe- 
cially chronic bronchitis, pneumonia, pleurisy, empyema. Its associa- 
tion with the first is well known, but it is also especially prone to be 
present in lobar or broncho-pneumonia, where it is limited to the 
bronchi within the affected area. Influenza is responsible for not a 
few cases, and bronchiectasis which may be classified as acute, has suc- 
ceeded its attacks. 

(b) Tuberculous bronchiectasis. Few cases of pulmonary tuber- 
culosis progress to the end without the formation of bronchiectasis. 
Sometimes the large cavities so formed are mistaken for vomica*. In^ 
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one of my eases enormous dilatations were present in a lung riddled 
with tuberculous cavities. 

Both the saccular dilatations and the cylindrical enlargements are 
found. 

(c) Traumatic bronchiectasis, caused by the pressure of a for- 
eign body within the bronchi or external pressure exerted on a bron- 
chus, causing kinking or stenosis of the tube and subsequent dilata- 
tion. 

In the three forms enumerated the disease is essentially chronic, 
•cases sometimes lasting ten to twenty years. A case seen by me began 
with pneumonia which was followed by empyema and then by bron- 
•chiectasis. 

The physical signs vary with the location, size of the sac and the 
amount of its contents, giving rise to wholly different signs when full, 
partly full or empty. The sacculated cases are unilateral. The cavi- 
ties most often form in the lower lobe. They are rarely single, some- 
times two communicate by a narrow passageway. Oft times there are 
two large ones and one or two of lesser size. The size of the dilatations 
varies greatly. 

Inspecfion shows deficient expansion over the affected area. 
Breathing is labored, expiration prolonged. The expression is anxious, 
varying degrees of cyanosis are not uncommon. In chronic cases 
the fingers are clubbed, the nails incurved. In cases following chronic 
lung diseases, especially an old empyema, a pneumonia, or a pleu- 
risy where, as is so often the case, adhesions have followed, the re- 
tracted side, the compensatory bulging opposite to it, the shoulder 
■droop on the affected side, and the forward curve of the spine form 
a most impressive image. If upon these is engrafted, as is occasionally 
the case, a hyperostosis of the extremities, hands, fore-arms, feet and 
legs, the picture is ineffaceable. This proliferating hyperostosis, de- 
scribed by Marie and named osteo-arthropathie pneumique, occurs in 
other chronic lung diseases, and differs from acromegaly in that it 
affects only the parts mentioned and is a true proliferation. 

Palpafion, Vocal fremitus is usually increased by reason of the 
Associated induration resulting from the causative disease, such as 
broncho-pneumonia. Rhonchial fremitus is also present. The fremi- 
tus may not be manifest unless the voice is considerably raised. 

Percussion, There is very generally a considerable area of dull 
percussion resonance, even of flatness, in the region affected, which is 
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more often tta- lower lobes. Dullness will be found posteriorly and 
laterally oftener than anteriorly. 

With a full sac surrounded by iiuluration /fatness prevails. With 
a larjre, completely empty sae the note is tympanitic. With smaller 
sacs and with cylindrical enlar«rements the note is tubular. 

AnscuUaiiifn. The breath s<nuids are absent with a full sac. They 
are bronchial, cavernous or amphoric when the sac is empty. When 
half-full splashint^s, succussions and bubbliriirs are heard with both 
inspiration and expiration. With an empty sac, bnmchophony and 
pectoriloijuy nuiy be heard. 

When the cavities are full breathin»r nuiy be deficient over the en- 
tire affected half of the thorax, but is subject to rapid changes. A 
full inspiratiou, a coujzh or even a change of position renders it 
audible. 

Rdh's. Kxtensive rales are heard par tout, lar^re, loud, sonorous, 
jrurj^rlin^, nuicous, rapidly chan^in^. They are especially manifest 
and characteristic when the cavity is partially filled. 

Cough. The patient may have considerable intervals of freedom 
from coujrh, days oi* weeks. This and the character of the cou»rh ren- 
der it distinctive. It is always paroxysnud. usually matinal, the pa- 
tient generally haviny: a premonition of its oncoming. Each paroxysm 
may exhibit a descendinjr scah* both as to the intensity and 
the force of the succeedin«r notes. Thus, a sinjrle paroxysm may con- 
sist of six notes, the first loud, hard, expulsive, with each successive 
note a little less intense than its predecessor. After a brief pause a 
repetition of the effort occurs, until with some chokin»rs and jraspinjrs, 
the cavity is emptied. 

Sputa. This varies in amount with the size of the cavity and the 
freciuency with which it is eiuptied. Four drams to half-a-cupful is 
an ordinary amount. Its color varies: white, ^ray, yellow, jrreen, 
brown. It is exceedingly offensive, the odor bein*r fcetid or cheesy. 
*'as of the ripe Camembert clu'cse." 

When placed in a tall ^jlass the sputum separates into three lay- 
ers. An upper, frothy layer which may be colored, a middle layer of 
watery nuicoid fluid; the third, a thick sediment of frranular matter, 
cells, casts of the tubes, bacteria, crystals of fatty acids, and, if ulcera- 
tion of the walls be present, elastic fibers are found. Sections of the 
casts show peculiar alternate layers of inspis.sated secn*tion and bac- 
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PLEURISY. 

De/inilitni. Pk»urisy is an iiitiammatioii of one or both pleural 
sacs. Varieties. Primary, seeoiulary : Aeiite, chronic: Circum- 
scribed or diffiLsed : Dry pleurisy, pleurisy with effusion. 

Because this disease so often passes unrecognized by the physi- 
cian, in s])ite of its pronounced physical si^ns, as evinced by the fact 
that extensive adhesions are often found j)ost-mortem without any his- 
tory of pleurisy beiny: elicited, it deserves a minute description. 

The various sta^^es of the malady present different si^ns, and will 
therefore be considered separately. Inspection, palpation, mensura- 
tion, percussion and auscultation all jjrive intelligent answers when 
applied as interrot^ratives to this dis<*ase. 

In the bejrinninfr of an attack, whatever form it may afterwards 
assume, tht* lesion is that of a dry pleurisy, in which the two con- 
lijruous layers, iii*st the visceral and then the i>arietal, become inflamed. 
Following this an exudate of thick, soft jrray or yellow lymph is de- 
posited upon the two surfaces, sometimes in distinct layers. At first 
this lightly adherent lymph may be easily rubbed off*, after a time it 
is sticky, roujrh, shagjry and quite adherent. The two surfaces may 
now become aj^prlutinated and the attack thus terminate (Pleuritis 
sicca). 

In the bejrinninfr and at its heijrht such a C(mdition i)resents the 
followinjr sij^ns : 

Inspection, Increased frecpiency of breathinj? but with restric- 
tion of the respiratory movements. Enfeebled respiration which is 
made manifest by comi)arison with the sound side. The limitations of 
the respiratory excursion vary with the severity of the pain. 

Palpation. Touch will sometimes reveal a peculiar fremitus 
caused by the fricti(m of the two surfaces (pleural fremitus of Da- 
Costa) over the re^rion corresjxmding to the area of intlanunation. Vo- 
cal fremitus durin»r the inHamnuitory stage remains unaltered or is 
even increas(»d over the inHamed area. Absent vocal fremitus is one 
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of the early signs of effusion. The reader is a^rain reminded that voeal 
fremitus is normally more marked on the rip:ht side than on the left. 

Mensurafion. Previtms to the exudate, no ehan^re. ( Ki^rht side 
normally the larger.) 

Poriission. Prior to the effusion pereussion elieits little or no 
information. 

Auscultaiion. In the presenet^ of severe pain the ?\'spiralory 
rhythm changes and bi^'omes irregular and jerky. Likewise pain 
causes the respirations to become .shallow or enfeebled, in which case 
the normal vesicular nuirmur is diminished — thus confirming the signs 
elicited by inspection. Friction sounds are audible especially on deep 
breathing. They are superficial and have a sandpaper quality, (ien- 
erally they are heard on both expiration and inspiration; sometimes 
they are limited to exi>iration. They may Ix* limited to a single spot in 
the inframammary or infraaxillary space, and hence be easily over- 
looked. Tsually the area is more exteiisiv(\ The sound resembles the 
crepitant rale, but this rale is an inspiratio^i rale. 

PHYSICAL SIGNS OF FFFFSION. 

Insixrtioh. With moderate efVusions insj)ection shows lessened 
chest movements, due to inability of the lung to expaiul to its full 
capacity. Pain may or may not be present. AVhen present it is usu- 
ally accompani(^d by an inci'ease in the number of the respirations, 
which may even amount to dyspncea. In tin* absence of pain, respira- 
tions may be even l«»s.sened in numbei-. The intiMspaces above the 
diaphragm may b«* widened. A modeiate ♦•ffusion is one in which 
the levi'l of \\\v fluid does not rise above the nipple in front. 

Palpation in moderate effusions. Confirmation of signs revealed 
by insp:"ctioii, as diminished respiratory rhythm and widening of th(» 
IoW(M* int"ispac(^s. The friction fremitus will have disappeared. In 
small effusions the tactih' fremitus is giMierally diminished. This sign 
is more valuable in men than in women and children. It nnist be re- 
membered that fremitus is usually stronger on the surface of the 
right chest than on the left; stronger in men than in women. 

M (HSU rat ion shows little if any variation in small and moderate 
eff'usions. In right-handed individuals, especially men of the labor- 
ing class, the circumference of the right chest is normally greater than 
that of the opposite side. 

Prnussion. Dullness increasing to flatness over the an»a of the 
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effusion is the most important sign of the exudate. In adults it is 
difficult if not impossible to demonstrate effusions of less than five 
hundred cubic centimeters. The dullness is usually most marked and 
first obtainable posteriorly, then in the axillary region, lastly in front. 




Fig. 33— r'liysical signs in effusion into left pleura (P^itlon). A Skodiac per- 
cussion resonance, exaggerated v(x:al resonance, tubular quality of breath- 
ing. B Complete dullness, absence of vocal fremitus, no respiratory sounds. 
C Purile respiration, prolonged expiration, exaggerated percussion reson- 
ance. D More or less well marked pulsation. I*' Displaced area of cardiac 
dullness. I'pper limit of shading indicates anterior line of Ellis' curve. 

Along the upf>er border of the effusion percussion dullness is ob- 
tained and increases to flatness as we percuss from above downward. 
Total absen<*e of vibration, coupled with an increased sense of re- 
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sistance under the pleximeter finder, much greater thau that observed 
in eases of lunjr consolidation, are most noteworthy and significant 
symptoms. 

The prevalent, in fact almost universally accepted, l)elief that the 
level of pleural ett'usions chanjjfes with alterations in the position of the 
patient is almost wholly erroneous, and is the probable reason why 
such effusions frequently are overlooked. Only occasionally does sucli 
chancre of level occur, and I wish to lay special stress upon this fact. 

As pointed out by Flint, Da Co.sta, and others since, wc ^'ct in- 
creased percussion resonance, even amounting: to tympany, above the 
level of the fluid. This peculiarity is due to disturbance of normal 
tension in the pulmonary tissue, which is more or less condensed. The 
change of (juality is variously known as Flint's vesiculo-tympany, 
Skoda 's resonance, etc. In moderate transudations the upper level 
of the effusion, and hence of percussion dullness, is not a strai^jht line 
but a horizontal curve with the convexity upwards. The curve reaches 
its jjreatcst height in the mid-axilla, whence it descends to the 
sternum, where, however, the level is higher than at the vertebra. In 
order to demonstrate this curve the patient should be in the upright 
position. In a moderate effusion this line may extend from the junc- 
tion of the sixth rib with the sternum, which point is one inch above 
the xiphoid junction, to the lower border of the fourth rib in the an- 
terior axillary line, thence slope gently backwards. This line of dull- 
ness does not changt* with inspiration or (expiration but may change 
with changes of position. 

Ausnilfali(ni. M(t(l(raf( (ffiisiims. The breath sounds become 
feebler and more distant as the amount of fluid increases. As has 
been stated, the vesicular portions of the lung are pressed upon and 
egress of aii- is prevented, hence vesicular respiration is absent and 
is replaced, flist, by broncho- vesicular and then by bronchial breath- 
ing. In children this occurs very early and with comparatively small 
effusions. Sometimes the breathing is amphoric. On the opposite side 
the lung is doing increased work and the breath sounds are therefore 
intensifled or puerile. 

Vocal resonance varies. When the eftusion is small in amount 
the voice is still conveyed via the chest walls to the ear. With in- 
creased effusion the voice sounds are absent over the liquid. If lis- 
tened to at the upper border of the fluid a peculiar <juavering or 
bleating, called egophony, may be heard. It is not often present, but 




PLATE IV. 



Point where Pericardial Friction is most often heard. PL.F. 
Point where Pleuritic Friction is most apt to be heard. The 
Inner Circle represents the most frequently affected Dorsal 
Area. 
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scapula stands out more prominently than its fellow, the shoulder is 
elevated. 

The heart impulse is moved to the left in ri^ht-sided pleurisies 
and is found outsid<» the uipple line. It is sometimes elevated slijrhtly. 
In left-sided pleurisies the apparent disphicement is much j^jreater, 
and the apex impact may be found a considerable distance to the rij?ht 
of the sternum, even in th(» rijjfht nipple line. 

Palpafi(m in lartre (»t!'usi(ms confirms inspection as to lessened 
movement on l)reathinjr, widenin*; of the interspaces and abnormal 
positi(m of the apex. The impact of the heart apex in disease, as in 
health, often may be felt when it cannot be seen. Tactih^ fremitus 
is absent over larire infusions, but in children even with a consider- 
able transudate, both voeal and tactile fremitus may be present, a 
point not to be for«r()tten. In these eases th(* sound probably reaches 
the ear throuirh the nu'dium of the eliest wall. 

Mrnsinafinn. The atfeeted side* is bu*;er than the sound sidf\ 
The differenee seldom exceeds an inch or an ineh-and-a-half. A cyrto- 
meter traeinji of the \\\'o sides shows mai'ked ditT'erences in tht» con- 
,tour. 

i*f nnssion. As the level of the Unid rises it is followed by the 
dull percussion note, wbieh ehanires to flatness from above downward. 
Flatness is •reiieially first <lemonsti'al)le posteriorly at the bas<* of the 
lun^r. Hesistanee uiidei* the fiuL^M- ami absenet* of eomiininieated vibra- 
tions wbieh only occurs in the pri'sence of ('onfined tluids in the 
chest, are siuns whose value have been pi-eviously emphasizt»d. Kxcept 
in effusions which absolutely compress icai-nily) the lunjr, tympanitic 
resomniC(» nuiy be obtained in front, beneath the clavicle and above 
the spine of the scajjula posteriorly. The cracked-pot sound may be 
elicited by penMissicm below the clavicle, while the patient ex|)ires with 
the mouth h(»ld open. Below the tluid lf»V(»l absolute flatness extend- 
iuL^ to points lowe?- than the normal limits of the luny: is pi*es(»nt. 

Ausculfafion. Vocal fivmitus is absent, but Haccelli has noted 
that the whispered voice sometimt^s may be transmitted to the ear 
when the sf)oken sounds ai-<' iimudible. lie states that this is not the 
case if the fluid be purulent, hence this si^ni. if present, denotes serous 
etfusion. If the effusion is suHiciently lari;e to stpieeze the luntj up- 
wanl and backwainl into the spinal trutter, then the breath s(mnds 
wholly disappeju-. I'sually, however, some brejith sounds, feeble and 
distant, but of a bronchinl character, may still bi^ lH»anl over the spinal 
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gutter when the patient folds the arms tightly over the chest, so as 
to widely separate the scapulae. Bronchophony is heard in the same 
region. 

Sometimes auscultation will enable us to locate the apex of the 




Fig. 35 — Physical signs (posterior regions) in effusion into left pleura (Patton). 
A Diminished respiratory sounds. B Very faint or absent voice sounds, ab- 
sent breath sounds, dullness, no vocal fremitus. C Dullness, no vocal 
fremiitus, no voice or respiratory sounds. D Voice sound is tubular or 
nasal in quality, sometimes approaching jegophony. Upper limit of light 
sliading indicutes the posterior line of Kllis' curve. 



heart when it can neither be seen nor felt. On the opposite side the 
respirator}' sounds are exagj?erated. 

Absttrption Sf(i(f(\ Inspection shows that the enlargement of tht; 
affected side is disappearing, that the widening interspaces are re- 
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turning to their normal condition. The absent respiratory movements 
return, and the obscured apex may now be seen. 

Unfortunately the process does not generally stop here, but con- 
tinues by reason of contractions and adhesions until various deformi- 
ties plainly show the rava^res of the disease. The organs may be per- 
manently displaced. Owing to adhesions the slow contraction of the 
connective tissue thus formed, and the organization of the exudate, 
the resulting deformity appears gradually, after a considerable in- 
terval, and is progressive. In children it may entirely disappear 
with growth. In adults it is permanent and varies from a hollow de- 
pression in the ensiform region to antero-posterior flattening of the 
chest, flattening and retraction of its lateral areas, the lowt»r ribs be- 
ing in contact or overhipping, . and spinal curvature of greater or 
Jess degree. 

J'alpafioK shows a gradual return of fremitus, vocal and pleural, 
and a return of the orgaiis to their normal position. 

i*rrcussion. The return of normal percussion resonance is grad- 
ual, returning first above and extending downward. At the base reso- 
nance may remain permanently absent owing to accumulations of 
solidified plastic material or to solidification of lung tissue. 

Auscultation. Respiratory sounds return. At first they are weak 
and distant but increase in distinctness until they have (*ven a harsh 
quality. With disappearance of the effusion, a return of the friction 
sound is noted. At the base of the lung all sounds may be feeble and 
obscured for a long time. As the vesicles gradually distt^id a peculiar 
creaking or crackling sound is heard. Bronchophony reappears and 
in some cases egophony. 

In cases where a portion of the lung remains [)ermanently imper- 
vious, there is permanent loss of respiratory motion and of vocal and 
respiratory sounds over such areas. 

l)IA(;XOSIS. 

As said in the beginning of the section, pleurisy passes unrec- 
ognized perhaps oftener than any other dis-.^ase occurring within the 
thorax. In the early stage the friction sounds may be absent and 
this absence is (me of the chief misleading factors. The disease is not 
to be mistaken in the first stage for pleurodynia or intercostal neural- 
gia. Both of these disorders are unattended with pyrexia, the ten- 
derness is superficial and excited by irritation of the skin. Pain in 
pleurisy is deeper-seated. The pain of pleurisy may however be re- 
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ferred to points distant from the seat of the lesion. Thus, the seventh^ 
eighth, ninth, tenth and eleventh thoracic nerves after passing through 
the intercostal muscles at the side of the thorax, so as to lie against 
thv pleural sac, afterwards pass between the obliquus intern us and 
transversalis muscles and ultimately reach the skin of the anterior 
abdominal wall. Hence the fre<|uency with which pain is referred to 
these terminals, a fact which should be borne in mind, and an examina- 
tion made along the entire course of the nerves seemingly involved. 
In double pleurisy the pain is referred to symmetrical points on the 
thorax or abdomen, but in general synmietrical pains are more prob- 
able indications of spinal disease. The pleural friction sound is gen- 
erally audible with the beginning of expansion, differing in this re- 
spect from the fine crepitant rales of pneumonia. 

Left-sided pleurisy may be mistaken for pericardial effusion and 
via rrrsa. In addition to the description given under pericarditis, 
the following points should aid in the differentiation : 



Pericarditis. 
Apex impact usually cannot be 
seen nor felt. Heart sounds fee- 
ble and distant. 



Uuliness extends upward in 
pear-shaped area. 

V.ocal fremitus present. Tubu- 
lar breathing when great eom- 
pression of the lung. 

Orthopncea. Faint cyanosis of 
face and (extremities. 

Rot(*h's sign, absence of reso- 
nance in right fifth intercostal 
space. 

In the pre-exudate stage the location of the friction s(mnd, its 
superficial character and its relation to the systole and (liast(>le of 
the heart, differentiate the two conditions. 

The effusion may be mistaken for pulmonary consolidation, either 



Left -Sided Pie uri^y. 

Heart apex is displaced to 
right. If much displaced, prob- 
ability of effusion is increased. If 
not displaced effusion is improb- 
able. Apex impact visible but 
displaced. Sounds not changed 
in intensity. 

Dullness follows around the 
axilla in usual line. 

Vocal fremitus absent. Breath- 
ing sounds absent : if tubular, 
strongly marked. 

Xo cyanosis, no orthopntea. 

Rotch's sign absent. 
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of pneumonia or tuberculosis. It is i)ossible also to confound cancer 
of the lung and various enlargements of the spleen with the effusion 
of pleurisy. From pneumonia and tuberculosis it is distinguished 
by the increase in size of the affected side, widening of the intercostal 
spaces, absence of vocal resonance and of fremitus. In the former dis- 
ease the percussion sound is dull, in pleurisy it is Hat, and in neither 
of the former does the dullness foHow Ellis's curve. The bronchial 
breathing of a lung partially compressed by pleural effusion is much 
deeper-seated, more diffused and usually unaccompanied by rales. 
In pulmonary tuberculosis the dis'.»ase generally progresses from above 
downward, while in pleurisy, as pointed out, the reverst* obtains. 
Pleurisy is unilateral. Tuberculosis sufficiently extensive to simulate 
it would be bi-lateral. The history further aids the diagnosis. 

Enlarged si)leen, if '-t disturbs the positicm of the heart, raises 
it instead of pushing the heart to the riglit. It does not interfere with 
the respiratory sounds of the left side, nor cause bulging of the in- 
tercostal s[)aces. I Posteriorly the percussion sounds are normal at the 
pulmonary base, where they should be first affected in pleurisy. (See 
also Pneumonia for further differences.) 

The urine in pleurisy presents a marked contrast to that of pneu- 
monia. While the organic solids are increased and the volume dimin- 
ished, yet the chloridrs, sulphates and phosphates are but little 
changed and albumin is very rare. Peptone is often present during 
resolution and indicates absorption of the exudate. 

PNEFMOTHORAX. 

Definiium. The presence of air in the pleural sac. Since air is 
almost never present unassociated with an effusion, either serous or 
purulent, we therefore have hydro-pneumothorax or pyo-pneumo- 
thorax, as the case may be. 

Air may find entrance into the sac from perforation of the pa- 
rietal layer of the pleura or from perforation of the visceral layer. 
The latter is much the more common and the largest majority of all 
cases results from tuberculous ulceration. Emphysema probably stands 
second as a cause. The left side is more often affected than the right. 
The organs are then displaced to the right and the lung may be col- 
lapsed and pressed against the spine as in pleurisy. 

The amount of associated effusion varies. Some cases are noi 
discovered until post-mortem examination is made. 
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The Physical Signs vary considerably according as to whether 
air alone is present or whether it is associated with effusion. 

Inspection reveals asymmetry with enlargement and immobility 
of the injured side, this half of the chest being in the position as- 
sumed in full voluntarj^ expansion. This is easily demonstrated by 
noting the resulting symmetry on causing the patient to forcibly in- 
spire, the asymmetry returning on forcible expiration. Bulging of 
the intercostals may be present and it is to be noted that there is no 
recession of the spaces on inspiration. This is especially the case 
if the opening into the pleura is valve-like so that there is actually in- 
creased inter-thoracic air pressure, as is often the case. The heart im- 
pulse is generally displaced to the right. The costal movements of 
the opposite side are increased. Vocal fremitus is diminished or 
absent. 

Mensuration. The tape shows marked increase* in the measure- 
ments of the affected side, and little or no change with expiration. 

Percussion elicits a tympanitic resonance over the whole of the 
expanded side. The note varies with the amount of air imprisoned 
within the cavity and the degree of tension under which it exists. It 
may be vesiculo-tympanitic if little or no pressure is exerted or it 
may be purely tympanitic, indicating tension and pulmonary com- 
pression. Often it is amphoric with a rich metallic quality. The 
pitch varies with the conditions named and deserves espei*ial mention. 
If the ingress and egress of air are free the pitch is low, and may be 
raised by causing the patient to inspire deeply and hold the mouth 
closed. Prom this pitch the note rises with the pressure until flatness 
is reached. When the air is confined under such extreme pressure 
that vibration from percussion is impossible, the resulting note must 
be flat and toneless. A lesser tension elicits a very high-pitched per- 
cussion note. Percussion of the lower areas of the chest yields dull- 
ness owing to the presence of fluid, but it is to be noticed that the 
tympanitic areas often extend much beyond their normal fields. When 
fluids are present the flatness elicited by percussion changes with 
changes in the position of the patient. This variation of the percus- 
sion level occurs much more readily and frecjuently than in pleurisy, 
where it is often impossible to demonstrate any such change. 

Auscultation. Absence of all vesicular murmur is noticed. Such 
breath sounds as may be occasionally heard are feeble, indistinct and 
distant and are never vesicular, but rather amphoric in character, or, 
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as occurs in pleurisy when the pressure is such that the vesicles are 
obliterated, we get bronchial breathing?. The vesicular murmur on 
the sound side is intensified and approaclies puerile breathinj^. The 
vocal resonance is amphoric and may be imitated by speaking softly 
into a large bottle. Kales are generally present and assume peculiar 




Fig. 36 — Physical signs in pncmnuthorax (Patton). A Tympanitic percussion 
note, breathing suppressed, tubular (»r amphoric, voice sounds metallic or 
amphoric; metallic tinkling. H Dullness, absence of all sounds. C Harsh 
breathing (upper portion), increased percussion note rnd increase in pitch 
of voice and respiratory rounds (lower pt)rtion). D Displaced area of 
cardiac dullness. E Displaced spleen. 

characters. One very characteristic sound is known as metallic tink- 
ling and may be likened to drops of water falling against a very thin 
wine gobl(*t, or to striking the goblet with a delicate wire. These 
phenomena were first described )>y Laennec. but his explanation of 
the manner of their production is of d(Hib1ful correctness. 
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Trousseau describes a valuable sign. Place a coin over the affect- 
ed side and strike it sharply with the edge of another coin while the 
ear is held against the chest of the patient. A bell-like ringing or 
tinkling is heard which is pathognomonic, and may be obtained even 
when intrapleural tension is so high as to yield percussion dullness. 

Succussion splash may be elicited by violent oscillation of the pa- 
tient while the ear is applied to the chest wall. The patient should 
be in a sitting posture. Sometimes the patient himself is aware of 
this phenomenon. It even may be felt by superimposing the hands 
over the ribs, one on either side, while the patient quickly moves the 
body. This sign, which is known as llippocratic succussion, is fully 
descrilieil under Auscultation in the introduction. It requires for its 
production the presence of both air and fluid in a cavity. When pres- 
ent its diagnostic significance is absolute. No one should be misled 
by the i)ossible splash of a stomach partially filled with liquid con- 
tents. 

In pneumothorax the organs are often displaced, especially the 
heart and liver. The first may be pushed either to the right or to the 
left ; the latter displaced downward. 



SECTION VII. 

PNEUMONIA. 

LOBAR PXKl MOXIA. 

Definition. An intlanunation of the luii»r substanci^ accompanied 
by exudation from the blood vessels and the growth of patho^renie 
bacteria, being due to a specific infection. 

The lower lobe of the right lung is most often the seat of the dis- 
ease, and, next, it most frecjuently attacks the lower left U)\n\ The 
lower lobes are affected nearly three times as often as the upper lobes. 

The physical signs vary with the stages of the disease, which are 
called, respectively, stage of c(mgestion, stage of red hepatization, 
and stage of giay hei)atization. 

FIRST STA(;K. 

No consolidation has yet taken place although th^'re is some exu- 
dation into the air vesicles. 

Phffsiral Siifns. I nspt ctimi. The i>atient may lie on the affected 
side, or be propped up, leaning toward, or "favoring," that side. 
Dys[>no*a at this stage is not marked, ()rthopn(pa is not fre(|U(»nt. Th(* 
movements of the affected side are more or less restrained. 

J^alpafion. On touch the fremitus is normal. 

J\ mission. The percussion note is at first unchanged but as the 
air spaces are trespassed upon the note becomes higher in pitch, its 
duration shorter and its approaches to dullness in (flrect [)rop()rtion 
to the amount of exudate into the air spact^s. 

Auscnlfafi(tn. Very early in the disease, even before exudation 
has taken place, the respiratory nuirmur diminishes in intensity over 
the affected area and becomes correspondingly exaggerated in other 
parts. This (juiet. sui>i)ressed breathing in one part of the lung with 
exaggeration in oth<»r parts, esi>ecially on the opposite side, is quite 
marked even in th<* preliminary stages and should always suggest 
pneumonia. Likewise during this staire of enfeebled respiration, after 
exudation occurs, on drawing a long breath the sounds over the in- 
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disposed area will be observed to have that harshness of quality and 
elevation of pitch to which the name brancho- vesicular breathing is 
applied. As soon as exudation takes place the crepitant rale is heard, 
the distinctive sound of the first stage of pneumonia. This rale is 
a fine, crackling sound heard close to the ear, occurring at the end of 
inspiration and may not be audible until a full breath is drawn. 
Opinion differs as to whether this crepitus is due to a fine exudate 
upon the pleura or is caused by infiltration into the air cells and finer 
bronchioles, due to the separation of the sticky exudation with in- 
flation of the cells. While a priori the latter view seems more rea- 
sonable, yet it is probable that the former is correct. Coarser rales 
may be present in the lar^^e bronchi and may mask the more delicate 
crepitant sound. Moist rales are seldom present at this stage. 

An examination of the urine will show diminuticm of the chlo- 
rides and perhai)s albumin will be found. 

SECOND STAGE. 

Inspection. The restricted movement of the affected side is now 
marked and the compensatory or exaggerated breathing on the oppo- 
site side may attract attention even before the patient is uncovered. 
The respirations are increased in frequency and are of a labored 
character, as indicated by calling into play the accessory respiratory 
muscles. The nostrils dilate on inspiration, always a sign of inspira- 
tory dyspncEa. The area of the cardiac impact may be much larger 
than normal, as pointed out by Graves, especially in pneumonias of 
the left upper lobe. The cardiac impulse may be transmitted through 
the solidified lung so as to cause marked movement of the chest wall. 

Mensuration. The affected side is increased in volume though 
the increase is slight and not sufficient to obliterate the intercOvStal 
spaces. (Contrast with pleurisy.) 

Palpation. Vocal fremitus is generally increased over the con- 
solidated area, as is to be expected. Yet for some unexplained reason 
it is sometimes diminished or absent. This diminution may be due to 
the closure of the larger bronchi by the exudation, thus preventing 
the voice sounds from reaching the periphery. In such cases a vig- 
orous cough may clear away the obstruction and restore the fremitus. 
Lack of expansion may be more apparent to touch than to sight, espe- 
cially by a comparison of the two sides. Friction fremitus often may 
be felt. (See pleural fremitus.) 
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Percussion. There is marked percussiou dullness over the area 
of infiltration. The note varies with the degree of distention of the 
air spaces. Sometimes the note is almost tympanitic, or at least sug- 
gests that quality, and varies therefrom to marked dullness, but never 
reaches that absolute tiatness which has been described as the distinc- 
tive quality of effusion. Where consolidation is central and surround- 
ed by distended, pervious tissue, we get the tympanitic note, and here 
even deep percussion may not elicit dullness. In the aged especially 
must we be on our guard against variations and irregularities. Dur- 
ing this stage sometimes percussion »»licits the cracked-pot sound. (See 
Phthisis.) 

Auscultation. The crepitant rale appears with the exudation 
upon the pleura. It may persist through the second stage, but some- 
times is abs(Mit altogether. 

The respiratory sounds are propagated from the large bi-onchi 
through the consolidated tissue and have therefore the quality of the 
tubes ivhich remain pervious. The breathing is therefore tubular, 
much intensified and is similar in quality to that heard when in health 
the stethoscope is placed over the roots of the lungs or over the large 
bronchi. Breathing may be more intense and bronchial in this dis- 
ease than in any other pulmonary condition. Rales may or may not 
accompany this blowing respiration. 

From the above explanation it follows that in cases where the 
large bronchi are closed by exudate, the bronchial respiration is also 
absent. Bronchophony is generally heard when bronchial breathing 
is heard, but if consolidation is imperfect it may be absent. It may 
have the bleating or nasal quality to which the name egophony is 
applied. 

THIRD STAGE. 

Graij Hepatization. Movements gradually return and respira- 
tory harmony is established. Respirations become less labored and 
less frefjuent as permc^ability returns. If there has been enlargement 
of the affected side, it disappears. With increased motion of the lung 
the crepitant rale may be manifest. 

As softening [)rogresses air enters the vesicles, but the tubes are 
loaded with the softened products and rales are heard over all parts^ 
coarse and bubbling as well as finer, dr\'er sounds, crepitant and sub- 
crepitant. The name rales redux has been given to this process. 
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Bronchial l)ivathiii^' and bronchophony disappear and arc replaced 
by the jjrcntle vesicular rustle. Last of all to disappear is the dull per- 
cussion n<>te and the cracked-pot sound. Impaired resonance over 
certain areas may permanently remain. 

It will be seen that the third stajje repeats larjrely the inspection, 
palpation and auscultation si^rns of the first sta^e in inverse order. 
The third sta»re, which is the sta*re of resolution, occupies ten or twelve 
days. The last sijrn of this sta^re is the crepitant rale, the return of 
which is known as "crepitans redux." When it is replaced by nor- 
mal vesicular bi'eathinur, dullness should have disappeared. 

Besides recovery aiid death, two other terminations should be 
noticed, abscess and <ran»rrene. Osier asst^rts that ordinary fibrinous 
pneumonia n(»ver terminates in tuberculosis, that such supposed cases 
were tuberculous from the outset. 

Abscess results from pneumonia in about three or four per cent, 
of th(» cases. Small cavities may unite into (me involving a consid- 
erable portion of the lobe. Th(» sputum becomes abuiidant, purulent, 
contaiiis elastic tissue and may contain crystals of cholesterin or of 
htematoidin. 

The C(Mij;h comes on in severe paroxysms, with j^rofuse expec- 
toration. The fever is at first remittent, then intermittent and hectic. 
The sipis of cavity are not usually present. 

(Jan^rene occurs about a.s often as ai)scess, but may j)resent no 
si^ns except i)ost-m()rtem. It may occur with abscess. If the sputum 
becomes f(eti(l and exhibits the characteristics of »ran<rrene, the diag- 
nosis is clear. 

Sprcial Symphfnts. I/iffHs develops in about one-third of all 
eases, ('omin*: on early it is of decided diagnostic value as it ai)pears 
in scarc<»ly any other respiratory disease, althou*:h it occurs about as 
frecjuently in malaria and cerebro-si)inal menin^ntis as it does in 
pneumonia. The commonest seat of development is about the anple 
of the mouth and nose. Less usual seats are about the eye, ear, the 
genitals or the anus. The vesicles ai)pear in a crop of half a score to a 
score, disappearintr in a few days, leaving behind dry scabs. 

Chill. In no other disease except malaria is chill so apt to be an 
initial symptom. Often it comes on at nifrht and is always severe, 
lasting; fifteen to forty-five minules. It is followed by rapidly risiiiir 
fever which runs a course between 100° and 105^, F., most frecpiently 
fallinjr by crisis between the third and the eleventh day. 



PNEUMONIA 133 

Pain. Most cases are ushered in by sharp, lancinating pain, 
which is due to the accompanying pleurisy and therefore has its usual 
seat over the affected side, yet the pain often appears before the 
l)leuritic friction is observable and may be referred to some distant 
point. Pain is generally most marked in the mannnary or the axillary 
region. In old persons it is less distinct or abs(»nt. In ceiitral pneu- 
monias it is absent. It is often referred to the abdomen in children. 

Piilsr varies with the fever but rises to 100^' or 120°. 

Dyapnaa occurs early and is severe. The respirations quickly 
reach thirty: later fifty or sixty in the adult is not uncommon; eighty 
is not extraordinary, esf)ecially if both lungs are involved. In chil- 
dren one hundred is not unknown. The movements are restrained 
on account of pain, hence are shallow, often ending in an exi)iratory 
grunt. Deep breathing elicits excpiisite pain. The resj)iration-puIse 
ratio is more significant in pneumonia than in any other disease, 
reaching one to two or one to one-and-a-half m some cases, instead 
of the customary ratio of one to four. Thus, a pulse rate of 100 or 
110 may coincide with a respiration rate of 50. 

The coiKjh is very painful and therefore restrained. It is at first 
short, frefiuent but single, dry and hard. Later it is accompanied 
by characteristic expectoration. In children and in oki people the 
cough may be slight and attract little attention. 

EXPECTORATION. 

The first expectoration consists of snudl. glairy nuu*us, arising 
from the concurrent bronchitis. Within twenty-four hours after the 
initial chill the sputum assumes distinctive characters, becoming ex- 
ceedingly t(Miacious, viscid and gelatinous or gluey, then tinged with 
blood. The cuj) may now be inverted without spilling the contents. 
The mass trembles like jelly. The patient has dit^culty in exi)elling 
the sticky masses. From being blood-tinged, it becomes d<»cidedly 
colored and the designation "prune-juice sputum" is sometimes ap- 
[)licable, though, in my ex{>erience, infrecjuently in frank pneumonias. 
In cases of the asthenic tyi)e it is connuon. The term *' rusty'' better 
describes the secretion in the majority of instances. The amount 
varies from one to four ounces in the tw(»nty-four hours. After the 
crisis the color chang(»s to greenish, then yellowish purulent masses 
are expectorated and «rradually it fades away. Sometimes after crisis 
it ceases sudd(»nlv. 
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Microscopically tlie sputum is found to contain degenerated 
bronchial and alveolar epithelium, nuicus, leucocx-tes, blood corpuscles 
changed and unchanged, minute fibrinous casts of the capillary 
bronchi and alveoli, htematoidin crystals, the micrococcus lanceolatus 
and scmietimes other organisms, such as Friedlanders bacillus j)neu- 
monia\ staphyl(K*occus and streptococcus pyogenes and various othei^. 

BACTERIOLOGY. 

Owing to the confusion which is apt to exist in the mind of the 
student with regard to the bacteriology of pneumonia the following 
statements are madt* : 

Friedliinder in 1SS2 descrihed capsulated bacilli as being of 
constant occuri-ence in the alveolar exudate. They were named 
**Friedlander's bacillus [)neum()nia^" lie bi^lieved they were path- 
ogenic. Frankel and otht»rs subseijuently showed that this bacillus 
was of com[)aratively rare occurrence in pneunumia, and that an- 
other, discovered by Sternberg, was present in the sputa of nearly all 
cases. Fri^'dlander's baeillis is now named, '*The i)neumo-l)acillus.''' 

This second organism has been known by various and confusing 
names and is still calh»d the diplococcus pneumonite and also the 
pneumoco(*cus of P^rankel. 

In 1888. Klein described yet aiiother bacillus, known as Klein's 
bacillus pneumoniie. 

In some cases of the disease only streptococci are found. Fran- 
keFs pneuniococcus has been found in the saliva and bronchial secre- 
tions of healthy individuals. In some cases of pneumonia none of 
the above organisms is present. 

The diplococcus pneumonite, also called the micrococcus lanceo- 
latus, and i>neumococcus, is oftenest found in the sputum, but in the 
absence of [)hysical signs and clinical symptoms does not indicate 
the presence of the disease, sinc(» it may be found in healthy persons. 

Method. Smear two cover glasses with the sputum, rub together 
into a thin layer, separate, dry in the air and fi^m by passing a few 
times through the flame of an alcohol lamp. Immerse in a one per 
cent, solution of acetic acid for two minutes, draw off the excess of 
acid with a pipette and stain, first in a saturated solution of anilin 
water, then in gentian violet. Wash in water and examine. The 
organism is a rod-shaped diplococcus surrounded by a capsule 
(Simon). 



PNEUMONIA 135 

BLOOD CHANGES. 

The most common and characteristic blood phenomenon is leu- 
cocytosis. Tlie normal number of leucocytes per cubic millimeter does 
not exceed ten thousand. In pneumonia it may increase to 30,000 
or 40,000. Osier has seen 63,000. Leucocytosis increases with tem- 
perature and disai)j)ears with crisis. Its absence portends trrave con- 
sequences. Its [)ersistence means delayed resolution. Since leucocy- 
tosis does not oecur in influenza, its presence is of dia»rnostic value. 

THE IKINE IN PXErMONIA. 

The quantity is diminished to one-third or one-half. Trie acid 
and urea are increased and lar<re deposits of pijjrmented urates oecur 
at critical stages. They are stained browii or red. The specific grav- 
ity is 1025 to 1035. E.\C(»ss of nuicus causes the fluid to become 
quickly alkaline. The chlorides are <rreatly diminished or t»ven absent 
during the first and s(»cond sta<re, or even until convaleseence sets in. 
Their return is a favorable indication. The suli)hates increase. 
Nearly fifty per cent, of all the cases show albumin during: consolida- 
tion and its presence is distinctly unfavorable. Diminution of the 
total solids is also unfavorable. Sometimes nephritis is intercurrent or 
is a sequel of pneumonia. 

DIFPEKEXTJAL DIAGNOSIS. 

Pneumonia in the first staire resembles pulmonary (edema. The 
latter dilfers by the i>res<»nce of li<{uid crackling rales occurring at 
the most depending portions of the lungs and on both sides, while 
pneumonia is usually confined to one lung. Further, the frothy 
sputum, the gtmei-al distribution of the rAl«»s, their coarser character, 
the cyanotic lii>s, the noisy breathing, the absence of fever, in (i^dema, 
prevent error. \Vhen not the immediate pi-ecursor of death, (edema is 
not an acute conditicm. 

In the consolidation stage it may be confounded with pleural 
effusion. Jt differs from the latter in that bulging is absent, vocal 
fremitus instead of being absent is increased, by the fact that the 
percussion note is never wooden or absolutely flat and that its area 
does not move with changes in the position of the patient, that the 
respiration sounds are intensified and tubular insti^ad of absent in 
pneumonia, and that when occasionally present in effusion th(\v are 
indistinct, distant or deep-seated. Pleurisy is often without rales 
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and the sputum is frothy. Pneumonia does not displace any of the 
organs. 

From phthisis it differs both in the history and in the course and 
progress of the disease. Tuberculosis advances from the apex down- 
ward. Pneumonia is confined oftenest to one lobe and that the lower 
lobe, is much more acute, the hectic Hush is absent as are the night 
sweats. The character of the cough and sputum is different, there 
are no tubercle bacJHi present. The pulse-respiration ratio is inverted, 
that is to say, in pneumonia the pulse is slower than called for by the 
respiration rate, while in phthisis it is fast€*r. The dyspnoea of pneu- 
monia is much more striking than that of phthisis. It is only in those 
cases of acute phthisis that appear after pneumonia, that the physi- 
cian must be on his guard. 

BRONCIIO-PNEUMOXIA. 

Synonyms: Ca])illary Bronchitis, Lobular Pneumonia, sometimes 
(■atarrhal Pneumonia. 

Dcfiiiition. An intianmiation of the terminal bronchus and the 
vesicles which constitute a pulmonary lobule, due to the invasion of 
the lung by various kinds of microbes. It is lobular, in contradistinc- 
tion to lobar, pneumonia. 

Ilolt^s statistics give a ]>roportion of two cases out of every three 
as secondary to some other disease. 

Bactrriolntfy. The organisms most commonly found in broncho- 
pneumonia are bacilliis inMueiiza, micrococcus lanceolatus, .streptococ- 
cus pyogenes. stai)hyIoeoccns pyogenes aureus (»t albus. Friedlander'S 
bacillus pneumonia*, also tht» organisms of the associated disease when 
the process is secondary, as the baeillus of (lii)htheria. Th(» infection is 
almost always mixed. 

In typical form broncho-pneumonia is a disease of childhood, 
usually attacking children under two years. It is either a primary 
disease or is secondary to bronchitis, measles, whooping cough, diph- 
theria, ileo-eolitis, scarlet fever or intiuenza, in the order named 
(Holt). It also follows other diseast\s but less frequently. Wilkes 
mentions it as occurring after extensive burns of the skin. It occurs 
in the course of typhoid f(»ver. It follows the inhalation of foreign 
substances, giving a distinct type, the so-called inhalation or degluti- 
tion type, due to benumbinjir of the Inrynx, ns after apoplexy, in 
uramiia, and post-operative pneumonia. 
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Rickets and raalnutrition are predisposing causes and furnish a 
fruitful mortality. In the aged it often terminates a chronic bron- 
chitis. 

The disease is bi-lateral but one side usually bears the brunt of 
the attack. The lesions are small areas of ecmsolidation, often sur- 
rounded by areas of over-distended cells alternating with small areas 
of collai)sed lobules, which are depressed below the surface. The con- 
solidated* spheres change from brown to gray, and then to yellow 
with age. They may be separate and remain fairly scattered, but 
some aggregate and by their confluence form large racemose bunches 
of consolidation, with interspersed air cells, so that an entire lobe is 
never solidified. The lower lobes are affected oftenest and collapsed 
lobules are found near the base of the lungs. The small bronchi, the 
alveoli, and occasionaly even the large bronchi are filled with inflam- 
matory i)roducts and proliferated cells. When pressed they exude 
purulent nuicus. 

The cases terminate by softening, abscess, gangrene (bronchiec- 
tasis often so terminates), return to normal or become chronic 
(chronic pneumonia). So much of the morbid anatomy is absolutely 
necessary for a proper understanding of the various signs and symp- 
toms encountered. 

Ass(H iaf((l Lfsions. The bronchial glands enlarge but do not 
undergo softening. The right heart dilates, due to the obstruction 
encountenKl in th(» Iuul's, and this h^ads to venous engorgement of the 
organs connected with the systemic circulaticm. as the spleen, liver, 
and kidn(\vs. Intestinal catarrh is for this reason often associated. 

Coursr a)u1 Sjpnpft^ms. The ])rimary attack often sets in with a 
convulsion, soni(»tiint*s with a chill, the temperatun* rises rai)idly to 
103^ and varies between KK^ and lOo"^, but is fairly constant. Ore- 
bral symptoms may nuisk the pulmonary lesion, or what is more likely, 
the disease may be mistaken for lobar pneumonia. 

The secondary form begins as does the j>rimary with accession of 
fever, cough and dyspntea, rarely with chill. The fever is more irreg- 
ular and ranges between \i)2^ and 104°. Morning temperature may 
be higher than evening. The cerebral symptoms if they occur, come 
on early and go (juickly. Breathing is from fifty or sixty to eighty 
per minute. (Compare lobar i)neum(mia.) 

Physical Sifjns. lusjxviion. Patient rests propped up in bed 
with the head high, respirations are short and shallow, ahv nasi are 
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widely dilated. The face, at first pale, soon becomes livid and then 
cyanotic. The expression is anxious. The breathing is labored, the 
inspirations are short, the expirations are prolonged, there is little 
true expansion. The sternum rises, but there is recession of the lower 
interspaces, the submammary and epigastric regions, with inspiration. 
The tongue is dry, the skin hot and dry or alternates with perspira- 
tion. The pulse is small, quick, rapid and may be uncountable. The 
dyspnoea is painful, but the efforts to breathe subside somewhat under 
the influence of the non -oxygenated blood. In cases which survive 
dyspnoea gradually fades. Emaciation is rapid. 

Palpation. Fremitus increases with the amount of consolidation. 

Percussion. The note is normal as long as the areas affected are 
few and scattered. As coalescence occurs the resonance becomes im- 
paired. This usually develops after forty-eight hours. The asso- 
ciation of coalescence and collapse gives flatness, but in the most 
common form of the disease the |)atches are scattered and much of 
the lobe remains crepitant. Early in the disease the note may be 
hyper-resonant in front and along the over-distended edges. 

Auscultatiinx. Breath sounds are harsh in the upper lobes, feeble, 
absent or bronchial at the base, depending on the relative amount of 
the three factors which influence them, viz: consolidation, collapse 
and hyper-distention. As the bronchioles fill with exudate, blowing 
breathing predominates and expiration may be jerky and gi'unting. 
The rales, at first fine and subcrepitant, soon become higher and whist- 
ling and the fine crackling rales are not limited to inspiration. 

If bronchiolitis occurs rales become metallic and high-pitched, 
iwsociated with bronchial breathing and bronchophony. Rhonchi, 
sibilant rales and other signs of bronchitis vary with the extent to 
which the tubes are involved. Vocal resonance increases with con- 
solidation. 

Collapse is indicated by retraction of the side, absent breathing 
sounds, absent vocal resonance and fremitus. The percussion note of 
collapse is not as dull as that of consolidation. 

The cough is hard, distressing and even painful. Occurring 
secondarily to bronchitis, the free secretion ceases. A cough which 
was loose and painless now becomes short, frequent, dry and painful. 
The secretion becomes viscid and is coughed up with difficulty. It 
may be blood-tinged but is never rust-colored as in pneumonia. In 
children expectoration is absent. 
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Diagnom. The secondary forms are easiest diagnosed. If, dur- 
ing convalescence from one of the diseases mentioned, a child has an 
accession of fever with cough, a rapid pulse, decided increase in the 
respiration rate and if, on auscultation fine crackling rales scattered 
about the base of the lungs are heard, one may safely expect broncho- 
pneumonia to intervene. 

The disease closely resembles pneumonia if the lobules coalesce 
into large masses. Broncho-pneumonia occurs oftenest before the 
second year, while lobar pneumonia is rare before the third year. 
Pneumonia is unilateral : hroneho-pneumonia is bilateral. The first 
is primary, the second is oftenest secondary. Pneumonia shows fewer 
remissions in temperature and the crisis occurs about the eighth day. 

From tuberculosis the diagnosis is often made by postponement. 
It is an aid to know that acute miliary tuberculosis, without softening, 
is more common in children of this age than the caseous form, but 
both occur. In tuberculosis the upper lobes suffer oftenest, in the 
pneumonias, the lower ones, and typical signs may be detected in 
the vomited matter, shreds and tubercle bacilli may be found. Prom 
meningitis it is differentiated by recalling that brain symptoms ac- 
company the onset of many diseases of childhood, and the dyspncea 
and the cough soon draw attention to the lungs. 

EiMBOLISM OF THE PULMONARY ARTERY. 

Sometimes called Embolic Pneumonia, lliemorrhagic Infarct or 
Pulmonary Apoplexy. 

DcfinUion. A conical extravasation of blood into the lung sub- 
stance resulting from the lodgment of an embolus in a branch of the 
pulmonary artc^ry. Th(» embolus must arise from a thrombus which 
has formed somewhere in the venous system, and which, becoming 
detached and passing through the cavities of the right heart, ulti- 
mately blockades a branch of the pulmonary artery. During preg- 
nancy such a thrombus may form in the venous system of the pelvis 
or in the femoral vein (phlegmasia alba dolens). During typhoid 
fever it may arise from thrombus of the saphenous or femoral vein. 
So also in the course of septic diseases, of pleurisy or phthisis, thrombi 
are apt to form in the veins mentioned or in the jugular vein. In 
middle ear disease they may form in the lateral sinus. Further, 
emboli may result from clots formed within the heart itself, in dis- 
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eases of that or^an. Pat emboli are sometimes found after death 
from diabetes. 

Sjjmptoms. A small embolus may cause only a transitory a?dema 
or hyperaemia which soon passes away. 

Septic emboli cause inflammation, and jjray hepatization follows 
the wedge-shaped infarct. This may be succeeded by abscess or gan- 
grene. The typical lesion following pulmonary embolus is infarct, 
which is a form of pulmonary hivmorrhage. The area is cone-shaped, 
the base reaching the surface, the apex corresponding to the point of 
obstruction. If small, they give rise to few symptoms. If, however, 
a large area is involved, the attack comes on in a moment, the patient 
is seized with agonizing pain and the most intense dsypncea, the heart 
is irregular and tumultuous, or weak and imperceptible, and death 
may result within a few minutes. 

In severe but not fatal cases the symptcmis are somewhat as 
follows : 

Inspection. Patient is anxious, breathing is rapid and panting, 
but is unobstructed. Sometimes the Oheyne-Stokes type supervenes, 
lips are blue, skin cold and moist. Heart becomes gradually (piiet 
and feeble. 

Pal f Hit ion shows increa.sed fremitus. 

i'ercussion reveals impaired rescmance over the limits of the 
infarct. 

Auscultation shows harsh inspiration, somewhat lengthened ex- 
piration, crepitant and subcrepitant rales, and even bronchial 
breathing. 

Blood appears in the expectoration after twenty-four to thirty- 
six hours. In some cases involving large areas the signs are those of 
croupous pneumonia, but the outline of the lobe is not followed: the 
disease is unaccompanied by pyrexia, and comes on much more rapidly 
than is po>sible with pn<Mimonia. 

Occurring in the course of mitral disease the symptoms are : pain 
in th«' side, dyspiuea and possibly haemoptysis, with the expectoration 
of dark, blood-stained sputum. A local pleural friction sound may 
mark the site of the infarct. Deep percussion may reveal tender- 
ness (Head). 

Diaijnosis. The suddenness of the onset, the character of the 
dyspmea — the patient breathing deeply, yet conscious of a ln<'k of 
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^ii- — the aiiony, the absence of siy:ris of obstruction, should suggest 
the nature of the disease. 

Asthma is accompanied by sonorous and sibilant rhonchi. 

Larynjieal obstruction shows signs of impeded air entrance. 

(Edema shows fine crackling rales over the bases of both lungs 
and is painless. 

Infarct is unilateral. 

The knowledge of a coexisting |)hlebitis, or of heart disease, aids 
materially the diagnosis, if seen after the onset and without a knowl- 
edge of the history of the case, the disease nuiy be mistaken for pneu- 
monia. Non-septic cases are afebrile. Septic cases are followed by 
chill, rigor, hectic, and the familiar chain of septic symptoms. 

l>rLMOXARY (Kl)EMA. 

D( fin if ion. An effusion of serous fluid into the air vesicles and 
interstitial tissues of the lung substance. It occurs in the lungs, as 
elsewhere, by reason of disturbances of the circulation and changes 
in the vessel walls, hence is as.sociated to a more or less extent with all 
diseases producing pulmonary congestion. It gives rise to few symp- 
toms except an aggravation of the existing symptoms of the asso- 
ciated disease. 

As an independ(»nt entity we consider the pulmonary cedema 
which frequently terminates a variety of acute or chronic diseases, 
and is therefor spoken of as terminal oedema. Such diseases are acute 
and chronic nephritis, cardiac diseases, various |ina}mias and diseases 
of nutrition and cere])ral diseases. It is prone to occur in maladies 
in which general dropsy exists. Acute oedema may follow the embolic 
obstruction of the pulmonary artery just described. Sometimes it 
follows the rapid removal of large quantities of fluid from the pleural 
cavity by thoracentesis. The transudate may be watery serum or 
blood-stained. Very acute oedemas are almost entirely serous. 

' Except in the cast* of the rapidly produced oedema just men- 
tioned, the symptoms come on slowly. They are an increasing sense 
of suffocation, increasing difficulty of breathing, some cyanosis, a weak 
pulse and a cough which is short and dry. The oedema here begins 
at the base of the lungs and mounts, the symptoms increasing there- 
with. If suddenly developed, the above symptoms are much aggra- 
vated, the dyspntea is severe and there is expectoration of abundant 
frothy sputa, which may be blood-stained or hremorrhagic. The 
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dyspnoea depends on the number of air cells occupied. The malady i» 
afebrile, bilateral. 

Percussion gives areas of impaired resonance, amounting to dull- 
ness over the bases and dependent portions of the lungs. Large effu- 
sions give marked dullness. 

Auscultation, The vesicular murmur is feeble or absent. Rales 
are fine or coarse, moist or liquid, according to the extent of the in- 
volvement. In extreme cases the breathing is bronchial, and coarse, 
rattling rales are audible at a distance. 

Broncho-pneumonia intervening as a secondary disease is the 
only affection likely to be confounded with pulmonary oedema, but 
the mode of onset, the age, the fever, the glairy, tenacious expectora- 
tion and the scattered areas of dullness in the latter will clear up 
the doubt. 



SECTION VIII. 

PULMONARY TUBERCULOSIS OR CON- 
SUMPTION. 

I)( finition. An acute or chronic febrile infective disease of the 
lungs, caused by the bacillus tuberculosis, characterized by diffused 
tuberculous infiltration, the formation of tubercles which undergo 
caseation or sclerosis and which may ulcerate or calcify. 

VARIETIES. 

A. Acute phthisis. 1. Tuberculo-pneumonic phthisis (Osier). 
2. Acute tuberculous broncho-pneumonia. 

B. Chronic ulcerative phthisis. 

C. Fibroid phthisis. 

D. Miliary tuberculosis of the lungs. 

The first form, acute pneumonic tuberculosis of the lungs, known 
also by the name of- * 'galloping'' consumption, phthisis florida, is 
characterized both by its diffuseness and its rapidity. It occurs in 
both children and adults. Many cases occurring in children are mis- 
taken for simple lo])ar-pneumonia. Since an entire lobe or even an 
entire lung is affected, and inasmuch as physical signs are identical 
with those of pneumonic hepatization, in which condition the lung is 
found to be post-mortem, the mistake is excusable. The upper, then 
the lower lobe, then the entire lung, is the order of frequency of 
involvement. 

The physical signs are those of consolidation ; increased frequency 
of respiration, dyspnoea, percussion dullness, marked increase in 
fremitus, feeble, vesicular murmur followed by suppression and then 
bronchial breathing. This tubular breathing becomes very intense 
and is marked as early as the fourth day. The characteristic crisis 
does not occur by the tenth day and the sputum becomes muco-puru- 
lent and changes to green color (Traube). Tubercle bacilli are now 
found in the sputum, which settles the diagnosis. 
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In the second form, which Osier denominates acute tuberculous 
broncho-pneumonia, which form he states constitutes the majority of 
cases of phthisis florida, especially in children, the lesion is a blocking- 
up of the small tubes with cheesy matter, while the air cells of the 
lobule are filled with the products of catarrhal pneumonia. These 
areas are separated by areas of crepitant tissue, but by their fusion 
an entire lobe may be rendered nearly solid. Owing to the inter- 
spersed islets of crepitant tissue the physical signs are indefinite. The 
first positive signs are usually those of deposits at one or the other 
apex. 

The respirations are markedly increased in number, the sub- 
clavicular exi)ansion is diminished. Areas of diminished resonance 
are found, more generally at the apices. Over these areas the vocal 
resonance and fremitus are increased, percussion sounds impaired, 
pitch raised, and the approach to flatness is directly in proportion to 
the volume and density of the involved tracts. Auscultation shows 
the absent vesicular sounds, replaced by rude or harsh tubular breath- 
ing, associated with rales, numerous and varied in character. The 
cough, hacking, troublesome and almost ccmtinuous, at first dry, soon 
is accompanied by expectoration which very early shows the presence 
of tubercle bacilli and elastic fibers. The tongue is dry and brown, 
the fever high. A few of these cases survive the acute stage only to 
become chronic. This form is especially prone to follow measles and 
whooping cough. 

Chronic Phthisis, Ularaiivt Tuberculosis of the Lungs. As 
first pointed out by Jjaennec, and more recently in the admirable 
analysis of J. Kingston Fowler, 1888, the primary lesion is most often 
situated from an inch to an inch-and-a-half below one or the other 
apex, nearer the external and posterior than to the anterior surface, 
whence it spreads downw^ard. As has been pointed out in the section 
on topography, the lung projects from one to one-and-a-half inches 
above the clavicle, hence this point of infection would lie anteriorly 
under the center of that bone. The situation of the focus towards 
the posterior surface accounts for the occasional presence of demon- 
strable dullness in the supra-spinous fossa, when it cannot be made 
out anteriorly. The right apex is the seat of the primary lesion more 
frequently than the left. Fowler further calls attention to the fact 
that the lower lobe is usually affected when the physical signs of dis- 
ease at the apex are sufficiently definite to allow of the diagnosis of 
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phthisis being made. The point of involvement is a^rain from an inch 
to an ineh-and-a-half below its apex, which corresponds on the chest 
wall to a point opposite the spine of the fifth dorsal vertebra. Have 
the patient reach the arm of the affected side around his opposite 
shoulder and place his fin^»eis upon th(» spine of that scapula. The 
point in question is marked by the inr.er edge of the abducted scapula 
and the spine named. Cavities are usually first formed where the 
lesions are oldest, and must be as lar«/(* as walnuts befon* th(»y may 
be positively diagnosed by the signs. Hence patient and repeated 
examinations of the points indicated should be made. 

The next most conunon seat of cavity after the localities described 
is in the second or third interspace, anteriorly, outside the mid- 
clavicular line. 

It is of extreme importance in examining a suspected case of 
phthisis that the orderly secpience laid down in the preliminary chap- 
ter be followed carefully, and it may be said to the credit of the diag- 
nostician that in the vast majority of the cases a correct conclusion 
may be arrived at by the intelligent interpretation of the physical 
signs, before it may be reached by a bacteriological examination, and 
with no less cei'tainty. Before attempting to explain the physical 
signs which accompany the tuberculous invasion of the lungs in the 
chronic variety of the disease, it is necessary to name the lesions pro- 
duced. These are: 

a. Scattered and disseminated tubercles. These so long as they 
are few and separated give rise to no positive signs. 

b. Caseous tubercular masses due to the union and breaking 
down of neighboring tubercular particles. The h)calities in which 
these masses are prone to occur earliest have been pointed out in this 
section. Tlje signs to which they give rise vary with their situation 
and extent, and are considered below. 

c. Tuberculous cavities (situaticm noted). These may have soft 
walls undergoing ulceration and extending their areas by breaking 
down, or the walls may be composed of the so-called pyogenic mem- 
brane, in which case extension is slower. The formation of the cavity 
wall, the size, the situation (superficial or deep), the nature of the 
opening into it, whether full or empty, all modify materially the signs. 

d. Cavities formed by dilatation of the bronchi, called bronchi- 
ectasis (q. v.). The form of such cavities may be cylindrical (small 
bronchi) or globular (large bnmchi). 
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e. The various forms of pleurisy, some of which are invariable 
acctmipanists of phthisis during some part of its couree. Three com- 
mon variations are worth naming. 1. Adhesive, over the infiltration 
area, which results in a local glueing toprether of the two layers. 
2. Perforative, into the pleural sac, resultini? in empyema and pneu- 
mothorax. 3. The entire pleura may become the seat of tubercular 
infiltration, he studded with tubercles, thickened and may cement the 
lobes into a sinjrie mass. 

f. Pulmonary c<mcretions. These may not be differentiated by 
the physical si^ns, but are often coujrhcd up, as are also bronchial 
concretions found in chronic bronchitis with dilatations. Those of 
phthisis differ from thos<* of bronchitis by bein^ more irrejrular, non- 
uniform ma.sses instead of pebble-like. 

The physical si^rns are best considered under three stajres: 
The incipifnt stagr; the stafje of complctv vonsoUdation; the stage 
of softening and formation of cavities. 

THE IXCnPIEXT STAUE. 

Pulmonary tuberculosis is met with in chests of all shapes and 
capacities but the lon^, narrow chest is the prevailing type. Here 
the intercostal spaces are wide, the costal any:le narrowed and the 
vertical direction of the ribs increased. The scapuhv project like 
winjirs, often one more than the other. In another type the antero- 
posterior diameter of the chest is lessened, the sternum is sunken, the 
subclavian spaces flat and the clavicles prominent. 

Inspection may be ne^rative. A few scattered tubercles jjrive rise 
to no phenomena appreciable by our coarse senses, but as soon as they 
are sufficient in number to interfere with the elasticity or to increase 
the conductility of the lun^ tissue, they produce objective si^rns. On 
the other hand, if any wastinjr has occurred the clavicles are i-endered 
more prominent and there may be slijrht flattening below one or the 
other collar bone. Expansion may be slijrhtly diminished in the same 
re^on. Deficient apical expansion is an early and important si<rn. 
It may best be estimated by taking a position behind the patient, who 
should be seated, and looking; downward over the shoulders. The 
breathing will be somewhat accelerated but shallower than in health, 
and the apex beat may show acceleration with marked cpiickenin^ of 
the impact. 

The wavelike shadow caused by the rhythmical rise and fall of the 
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diaphragm, known as Litten's sijrn, which is more fully descril)ed in 
the section upon adherent ptMicarditis. is seen to be altered early in 
|)ulmonary tuberculosis. The chan^a\ tor the most part, consists in a 
limitin*? or shortening of the normal shadow on the affected side. The 
si»rn is important and always should be searched for in suspected cases. 

i*alpafion. Deficient expansion may best be ^au»red by standinjj: 
behind the patient and alternately placing the finj^ers in the sub- 
clavicular spaces and the lateral regions of the chest and noting the 
relative motility. So also, by placing the thumbs in the supraclavic- 
ular spaces, while the fin»rers are placed in the upper intercostal 
spaces, one may estimate the relative expansi(m of the apices with 
fair accuracy. (See Fi*;. 17.) \^)cal fremitus is increased wherever 
the condensation is of sufficient <let;ree to assist sound conduction 
In the early stajres it is difficult to estimate slight increase in conduc- 
tion, especially when it is recalled that deposits are mon» apt to occur 
on the rijLrht side, and that normal fremitus is scmiewhat jrreater on 
this side. If, however, fiemitus is jrn^ater on flu left side than (m the 
ri^ht, the fact is sitrnificant. Pleuritic thickening? causes diminution 
instead of increase of the touch fremitus. 

Mensuration. The tape may show deficient expansitm on one 
side, or. what is more general, the tape encircliufr the body imme- 
diat(*ly under the arm-pits does not show the amount of ex|)ansion 
which is to be expected. This o!)tains early in the disease. 

P( reussion. Chancres may be reco^iized (m percussion which are 
not made manifest by palpation. Tlie first positive sit^n of infiltration 
is dullness and its most usual seat is immediately underlyin*; the clav- 
icle. It is most surely discovered i)y direct percussion on that bone, 
without intermediation of the pleximeter, although it may require a 
cultivated ear to detect the chancre. Its note is higher and shorter 
than normal, and is the note of impaired resonance. The difference 
in the two sides may be marked, or both may be affected. The impair- 
ment when not at the apex, is oftenest just below the clavicle. The 
note should be elicited durintr natural breathintr, on forced expiration, 
on forced inspiration and with the mouth held open, as directed by 
Flint. A comparison made between corresponding; areas while the 
breath is held after forced inspiration, most surely detects defective 
resonance, when present. 

Auseultation. When positive percussion chanpres can be elicited 
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abnormalities on auscultation are invariably present, and in some 
eases even precede impaired resonance. The earliest auscultatory sign 
is, generally speakinjr, feeble breathin^^ owing to a lessening of the 
tidal air entering the vesicles of the affected area. Make careful com- 
parison between the two sides during (piiet breathing. Inspiration on 
the diseased side may be inaudible. Next in order of sequence is a 
prolongation of the expiratory murmur. About the same time, or a 
little later, the inspiratory sound grows harsher. The type of breath- 
ing now becomes broncho- vesicular. Vocal resonance is increased in 
direct proportion to the amount of c<msolidation, yet in not a few 
cases it will be found absent by reason of early pleurisy having thick- 
ened the intervening membranes, thereby masking its effect, as noted 
under touch fremitus. Bronchitis, when present, is manifested by 
rales. A soft bruit heard in the pulmonary or subclavian artery is 
often present, and Da Costa states: **A murmur is, indeed, at times 
present in the pulmonary artery long before any other physical indi- 
cation of tubercle is discernible. '^ Also interesting is the so-called 
cardio-respiratory murmur met with in phthisis, caused by the pro- 
pulsion of air from the tu!)es by the impulse of the heart. It is best 
heard during inspiration, in the antero-lateral regions of the chest. 
In time the murmur is systolic, and is described as a whiffling bruit. 
(See heart murmurs.) To sum up the signs already elaborated, which 
allow of the diagnosis of beginning tuberculosis with almost as great 
certainty as does the finding of tubercle bacilli in the sputum, and 
often long before their occurrence therein, we append the following: 

^lodification of vesicular murmur at apex. 

Adventitious .sounds, arterial or respiratory, 
limited to the apex. 

Percussion dullness in clavicular area or 
supra-spinous fossa. 
Signs of J Increased fremitus. 

. . Impaired expansion or flattening of anterior 

incipient thoracic surface. 

phthisis. 1 CouKh. 

Shortness of breath. 

Sustained rise of temperature with probable 
morning maxima. 

Modification of Litten^s diaphragm sign. 
Failing health. 
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STAGE OF CONSOLIDATION. 

The second stage gives rise to signs more positive and more pro- 
nounced than the first. 

Inspafion plainly shows loss of flesh, prominence of clavicles, 
ribs and interspaces. A hectic Hush may ])e noted. Flattening is 




I''K- .?/— I'^xtcnsiini of tnl)crcul()iis k->iit»n (Pattnn). l):irk >ha(k' — i)riinar\ le- 
sion; light shade — extension nf primary lo«;ion ; X — sccomlar\ Icsinn of op- 
posite apex. 

most apparent anteriorly and thr breathing (wcursion is K^ssimumI i)oth 
with fpiiet breathing and during forct'd inspiration, when laek of 
expansion is striking. Expansile ♦^tT'orts may be painful. 
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Palpation shows increased fremitus except, as noted in first stage, 
where pleurisy has resulted in thickening. The skin is hot and dry. 

F^crcussicm shows positive dulhiess over the affected areas, which 
contrasts markedly with the unaffected parts where the respiration is 
augmented and the note preternatural ly clear. Both apices may be 




Fig. 38 — Showing relation of lobes to posterior chest wall, also extension of 
tuberculous lesion ( Patton). A Primary lesion. B Extension of primary 
lesion. CC Secondary deposits. 

affected. The plexor finger notes increased resistance. Pain on per- 
cussion is often complained of. Hard, board-like tympany is not 
encountei'cd in recent cases but is found in old chronic cases with 
extensive fibroid changes. Caseous consolidation, as noted under 
pncMunonic phthisis, has a tubular or bronchial quality. Percussion 
should be practised in the supraspinous fossae and in the intrascapular 
regions, for reasons already given. In muscular and fleshy people not 
much information may be gained thereby, but in thin, and especially 
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in emaciated individuals, the returns are of great value. Myoidenia 
is the name pven to the h)eal eontraetion and bulging of the muscles, 
when subject to irritation, such as occurs in direct percussion of tht* 
pectorals. It is encountered in thin, nervous individuals, and, al- 
though oft(»!i seen in phthisis, is not of any si)ecial significance. 

Auscultafion. Vocal resonance is increased. Tht^ ])reath sounds 
are harsh. 

The disappearance of tlie vesicular elements and tlie approach 
toward pure bronchial breathing are in direct proportion to the 
amount of consolidation. The inspiratory portion of the sound is 
shortened and the ex|)initory part is |)rolonged and blowing. When 
consolidation surrounds a bronchial tube, typical bh)wing respiration 
obtains. The signs are a|)parent in the su|)raspinous fossu^ as well 
as in front. Bronchophony, a high degi'ee of vocal resonance, may 
be present. It denotes consolidation. The presence of pleurisies may 
give rise to fine superficial friction soumls or craeklings, and extensive 
bronchitis may, by its noisy signs, interfere with auscultation. 

Ac(piired h»sions of the cardiac valves are certainly rarely encoun- 
tered in the subjects of pulmonary tu])erculosis, especially in the 
chronic forms of the disease; so rarely, indeed, that the late Henry 
Formad deni(»d their exislence. 

As pointed out, howevei-. und-M* tlie ea|)tion ('onir(»nital Cardiac 
Defects, thi* subjects of conLienital valvular lesions ai'c very prone to 
ac(|uire pulmonary tuberculosis. 

THIRD STA(;K. S()FTKNIN(i STACK. CAVITY FOUMATIOX. 

During this stage a portion of the lung is uiuhM'going softening 
while in othei- j)o!tions consolidation is proceeding by rea.son of con- 
tinued iniilti-ation. llenc»» the siirns vary. The persistence of moist 
rales and ci'ackliniis in areas pi-eviously consolidated indicates soft- 
ening. 

InsfH (fioH. Hectic has increased. Alternate hot, dry skin and 
cold, clannny |)erspiration are noted. Emaciation has made marked 
encroachments. The limitations of movtMuent during res|)iration are 
still more restricted and the flattening under the clavicles more pro- 
nounced than in the earlier stages. The superficial veins over the 
thorax attract attention by their |)rominence and fullness. Tyscm 
draws attention to upward retraction of the heart in cases involving 
the left upi^er lobe. It must be ran*. He also notes that the area of 
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cardiac impulse enlarges upwards and pulsation may be visible in the 
third and fourth left interspaces. 

Palpation. Vocal fremitus is still increased in spite of cavity, 
since cavities form in the midst of consolidated areas and are sur- 
rounded by compact substance which increases conduction. Osier 
remarks, ' ' In the later stages, when cavities form, the tactile fremitus 
is usually much exaggerated over them/' But considerable thick- 
ening of the pleura diminishes this fremitus. If air cannot get into 
a cavity by reason of its bronchus being closed, the fremitus is not 
increased. Rhonchial fremitus may be present. 

Percussion over cavities gives neither as positive nor as unvary- 
ing results as over consolidation. If the cavity wall be thick and the 
substance between it and the surface dense, the percussion note will 
be dull as in consolidation, though heavier percussion may elicit 
tympany. If dense, but thinner walls intervene, the sound is a mix- 
ture of dulhiess and tympany, difficult to describe. Very thin walls 
yield sounds which are truly tympanitic or metallic. Amphoric and 
cracked- pot sounds often may be elicited. To demonstrate the cracked- 
pot sound, percuss with a firm, quick stroke, while the patient with 
suspended respiration, holds the mouth open. If a cavity underlies a 
layer of healthy tissue, which would be a seemingly rare condition, 
the note is clear, especially on light percussion. Percussion sounds 
are nuich modified in the presence of cavities by the act being per- 
formed with the mouth alternately opened or closed. With the mouth 
closed, the pitch is lowered and the vibrations longer. This is known 
as Wintrich's changed note. Da (>osta points out that over cavities 
the heart sounds are heard with extraordinary clearness and that 
there is often seen a "wavering impulse" in the .sect)nd intercostal 
space. 

Auscultation. The breathing sounds vary with the relative de- 
gree of consolidation and excavation. Over the hardened areas we 
still have bronchial sounds, and if these are mixed with small bub- 
blings and cracklings, subcrepitant rales, it indicates liquefaction or 
beginning excavatiim. Cavities give rise to new sounds. It is worthy 
of note that numerous small, isolated cavities without much fibroid 
deposit or pleural thickening, may exist at the apex and yet the per- 
cussion note remain unaltered, although the auscultatory sounds will 
be greatly modified and out of harmony with the percussicm findings. 
Cavernous breathing describes the tidal air entering and leaving an 
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excavation. When the walls of the cavity are firm and unyielding^ 
the note of respiratory rhythm is higher pitched, metallic and echo- 
like. This is amphoric breathing. Large bubbling sounds occur when 
air passes into a cavity partially filled with licpiid, termed gurgling 
rales. Cavities which give forth the amphoric respiratory sounds will, 
when they contain liquid, produce metallic tinkling. 

The voice sounds as modified by cavities, are interesting and dis- 
tinctive. Cavernous voice, like cavernous breathing, is the hollow^ 
resonant quality imparted to the sound by reason of its traversing 
an excavation. Amphoric voice has added thereto an echoing, metallic 
or musical quality, and is higher in pitch than the cavernous voice. 
Pectori Imply, both spoken and whispered, when present is a distinctive 
sign of cavity. The term has already been defined. In apical cavities 
the heart sounds are often distinctly heard and occasionally an in- 
tense systolic nuirmur is transmitted into the cavity. Over left apical 
cavities, gurgling sounds or crackling sounds, synchronous with the 
heart impulse, may be heard. They are caused by an impact com- 
municated to a cavity partially filled with fluid. Walsh describes a 
case in which the succussion splash was obtainable, as described under 
pneumothorax. 

AUXILIARY SIGNS OF PHTHISIS. 

Fivw. The deposition of tubercles is accompanied by elevation 
of temperature, hence fever is an early and characteristic sign. The 
maxinnun is between two and six P. ^I. Early fever is generally 
remittent. Later both intermittent and remittent types occur. 
Hectic, which is in reality septic fever, due to the absorption of tuber- 
culous products, is a more or less regular rise and fall of temperature 
varying between wide ranges, rising to 102° — \0A'^ and falling to sub- 
normal, even i)()^ being not unusual. This type prevails in the soft- 
ening and cavity formation stage. 

Couifh. This symptom has already been touched upon. At first 
NO slight that the patient will deny its existence, it often grows to be 
the most distres.sing and intolerable of the symptoms, causing the 
patient to lose sleep or, as is sometimes the case, exciting intractable 
vomiting, thus ccmtributing to the rapid emaciation of the afflicted. 
Its early characteristic is hacking, unaccompanied by expectoration; 
technically, unproductive. Then a glairy mucus is coughed up. If 
the larynx is involved early the cough as well as the voice is husky. 
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Spells of eou^'hiiig followed by copious expectoration denote cavities 
or bronchiectasis. Oftenest such i)aroxysni8 occur on waking. Some 
cases progress to solidification or even to cavities with very little 
cough. 

Expccioratiiyn follows cough, although the cough may have re- 
mained dry for a long f)eriod. At first scanty, it increases rapidly 
and may be as much as 250 c. c. in twenty-four hours. Sometimes 
distinct apical manifestations or extensive consolidation are accom- 
panied with insufficient exi)ectoration to allow of an examination. The 
early expectoration is glairy, mucoid, containing sago-like grains, alve- 
olar cells which have undergone myelin degeneration. (Thudichum.) 
Presently grayish or greenish masses are observed and are the first 
differential constituents of the sputum. They should be examined 
microscopically. After this the exi)ectoration becomes more muco- 
purulent, may be blood-tinged. The nummular masses already 
■described are of frecpient occurrence, and are distinctive of cavity 
formation. Each mass is sei)arate, greenish or gray- green in color, 
airless and sinks to th(» bottom of the cup when thrown into water. 
The odor of the sputum is sweetish, mawkish, unpleasant but not 
offensive. The sputum contains pus corpuscles, and epithelium from 
the entire tract traversed by the air — the mouth to the alveoli. The 
latter cells are most numerous. Blood discs, particles of food, oil 
drops, elastic tissue fibers and bacilli are other constituents. 

Elastic fibers are derived from the blood vessels, the bronchi, the 
alveoli or from particles of ingested fcmd. Rinsing the mouth before 
collecting the sputa will obviate a mistake as to food tissue. It is to 
be remembered that such tissue may be retained- in the mouth for 
several days. Boiling the picked-out masses with li(pior potassa or 
soda in a test tube allows the elastic tissue to fall to the bottom of the 
tube, when it may be examined microscopically. Osier states that a 
method quite as efficient is to spread the masses into a thin layer 
between two glass plates, which are then held against a black back- 
ground. The elastic tissue show-s against the background as opaque, 
grayish-yellow spots, which may be immediately examined by the low 
power, or by sliding the glasses apart may be picked out for examina- 
tion on a slid(\ He states that milk globules and frairments of bread 
are similar in af)pearance, but that the eye soon learns to distinguish 
these. Fibers from the alveolar walls are branched or wreath-like 
interlacements and show the arrangement of the air-cells. Those from 



PULMONARY TUBERCULOSIS OR CONSUMPTION 155 

the bronchi are elon^^ateti fibers, two or three together aud form 
reticuli. Those from the artery may be sheet-like or fenestrated mem- 
brane, as thonj:rh it wen» the iiitiiiia of a vessel. Generally they resem- 
ble the fibers derived from the bronchi. Alveolar fibers indicate exten- 
sive erosion, softenin^r and destrnction. Epithelial cells from the 
alveoli are also found. These are lar^(\ oval or round non-nucleated 
cells about twice the size of a pus corpuscle. 

The tuhivcU bacilli are the unfailinjr si*rn of tuberculosis. They 
are made apparent only ])y special staininjr methods, and microscopic 
examination. The simplest method is perhaps the followin«r: Shake 
up connnercial aniline oil in water until the solution is saturated. 
Filter out 1(H) c. e. of this solution. Next add fuchsin to absolute 
alcohol until th(* alcohol is saturated. Add 11 e. c. of the second 
solution to the KM) c. e. of the first, for the stain. 

Pick out a small, cheesy-looking particle of sputum with a needle 
and spread on a cover-glass by rubbing a*jrainst a second gla.ss. Dry 
these slowly by holding a foot above a Bunsen burner (or alcohol 
flame). Cover the slide liberally with the staining fluid and hold 
near the flame until the fluid boils, after which it is washed in run- 
ning water. It is now put in a .*^0 per cent, solution of nitric acid 
until decolorized, when it is again washed, mounted and (Examined. 

The bacilli are c(»lore(l red and a|)|)ear as elongated, slightly- 
curved, sometimes beaded rods. In doubtful cases the covers are 
allowed to nMuain tw(Mity-four hours in the stain. The number varies 
from a full field to one* or two found only on repeated examination. 

In disputed cases, where the symptoms are not confirmi^d by the 
microscopic findings, it is r(»commended to make cultun»s from the 
sputum. Directions therefor may be found in works on Bacteriology. 

Ifanufpff/sis. By reason of the freipiency with which it occurs 
and the serious results which att(»nd it Inemoptysis has a specially im- 
portant relationship to |>ulmonary tubercul(»sis. Blood may simply 
occasionally tinge the (\\|)(M't<u'ati<»n or it may be pn»sent in the sputa 
in considerable <puintity. It occurs early and late in the disease and 
is more frecpient in males than in femah's. It may be the first 
premonition of the invasion of the dread (h^stroyer, or it may close 
the drama. The onset of the attack may be sudden or a premonition 
of its oncoming may be gathered from the staining of the sputa which 
often precedes it for two or three days. It may come on during 
<juiescence, after exerciser, after a fall or a blow upon the chest. The 
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idea that it follows sudden exertion, strain or excitement is not borne 
out by clinical experience. In many cases it comes on during sleep. 
In a proportion of the subjects both physical signs of the disease 
and bacilli are absent. In another proportion bacilli are found subse- 
quent to haemorrhage. In the third class, evidences of the disease are 
positive and bacilli found in the expectoration confirm the signs. 

Haemoptysis should, however, always excite a strong suspicion of 
tubercle and the cases subsequently should be carefully watched. 

Haemoptysis occurs in sixty or eighty per cent, of all cases of 
pulmonary tuberculosis. The amount varies from a teaspoonful to a 
pint, being smaller when it occurs early in the disease. Even large 
haemorrhages are seldom immediately fatal. In character, blood from 
the lungs is frothy, mixed with mucus, bright-red in color, unless it 
has been retained in a cavity, when it is darker. After haemorrhage 
the sputa may contain dark masses of blood or may be blood-streaked 
for several days. A careful examination of the haemorrhagic mass 
often reveals small mucous nodules in which bacilli or elastic tissue 
may be found. 

The general symptoms accomi)anying the loss of blood are noted 
under htemoptysis. Some of the special symptoms are the great dis- 
turbance of mental balance and the febrile reaction, lasting from 
several days to two weeks, which succeeds every considerable hsemor- 
rhage. This is attributed to the foci of broncho-pneumonia arising 
from the lung substance derived from the htemorrhagic cavity which 
have been drawn into the pulmonary alveoli. The bleedings may be 
widely separated from each other or may recur at frequent intervals. 

Dyspnoea is not increased in proportion to the acceleration of 
respiration, and is not marked even when respirations are very fre- 
quent. Dyspnoea may be cardiac by reason of enlargement of the 
right heart. 

Prrspiratiou. Drenching perspirations are a common symptom. 
These come on after cavity formation. They occur after the fever 
drop which takes place towards morning, hence the familiar term 
'* night sweats". They may occur during the day. Sometimes they 
occur in the early stages and are the cause of the patient seeking 
the doctor. 

Thf pulse is soft and compressible, though quick and frequent. 
Venous pulsation and capillary pulsation are often seen. With the 
progress of the disease the pulse weakens. Vomiting, excited by 
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<iOUghing, is an unpleasant syniptoiii eoniing on late in the disease. 
Pain either is due to couf^hinjj:, when it is located at the base of the 
sternum, or it is due to i)leurisy, when it is located over the lesion. 

Diarrluva is one of the late symptoms. When once established it 
is apt to prove intractable. 

The clubbinjr of the tinjjjers, as noted by Hippocrates, comes with 
the advance of the disease, but oc(*urs also in chronic asthma, bron- 
chitis, and more rarely in chronic cardiac diseases. It has been noted 
in ca.ses of aneurysm. The fint:er-tips become buli)()us and the nails 
curve over the Hn.ufcr tips. All of the tinj;ers are not equally affected. 
(See Clubbintr. ) 

The Vritu in Tuhn'ridosis. The (piantity of urine voided is inilu- 
enced by the diaphoresis, diarrhcen, pyi'exia and even tlie ({lumtity of 
expectoration. Thirst, whicli accompanies the febrile sta;re, increases 
the amount; the other conditions diminish it. It may be as little as 
500 c. c. Uric acid and the sulphates chanjre but little. Urea dimin- 
ishes markedly durinjr the daily febrile pei'iod, and increases in the 
same proportion durinji: the .sweat in<r period. It often settles down as 
a pink sediment. Diarrh(ea diminishes the urates here as in other 
diarrhceal disea.ses. The amount of chlorides varies with the cpuuitity 
of food in<rested and the incidental complicatiims. 

Ehrlich's diazo-reaction is sometimes obtainable. Its presence 
may be rejrarded as unfavorable. It is apt to be found in cases which 
are rapidly-pro<rressintr, and chronic cases which are nearin^ the end. 
A trace of albumin is fre(|uent. but casts, blood and epithelium are 
exceptional. When present they indicate amyloid chancres. If pus 
occurs in the urine it should be examined for bacilli. 

The method of obtaininjir the diazo-reaction is described in the 
section on Urine. 

Staff of flu Blond in Pulmonary Tnbrrcidosis. Cabot* makes 
the followinjr statements: 

1. The n»d corpuscles are usually normal, but the ha?moglobin 
is diminished. In some cases both are diminished. 

2. The leucocytes do not change in character. 

3. In th<» early stages of the disease the white corpuscles are 
normal, after an attack of htemoptysis they show an increase. 
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4. If cavities are present there is no leiieocytosis. If the 
leue(K\vtes are increased, tht»re are no cavities. 

5. Pneumonic tnbercuh)sis (extensive infiltration) may show 
marked leucocyte wis, not invariably. 

H. P^ibroid tuberculosis shows no leucocyttxsis. 

7. Pyrexia, due to the presi*nce of pyojrenic organisms, shows 
leucocyte increase. If not, there is no leuco(*ytosis. If fever is absent 
there is no leucocytosis. 

In contradiction to the fourth statem<»nt. which would be mt>.st 
important if confirmed. Stein and Krbmann state that one of the 
conditions of leucocytosis in pulmonary tuberculosis is the presence 
of cavities in the lunjrs, hence at prest^nt no definite conclusions can 
be reached on this point. 



SECTION IX. 

THE HEART. 

P1njsi(tlinjii. Th(' heart is a doiible-eyliiuler muscular pump. Be- 
tween the two cylinders no eomnninieation exists after birth. One side 
serves for the low service or pulmonary circulation, the other for the 
hi^rh service or systemic circulation. Kach pump consists of two cham- 
bers, the receiving chamber or auricle, and the pumpin^r chamber or 
ventricle. As s(Mm as the aui-icles are filled they contract, forcin^r the 
i)lood into th(* ventriclt\s, the contraction of which innnediately follows. 
After the ventricular contraction a |)eriod of rest succeeds. 

The contraction of the cavities of the heart is called the cardiac 
sf/sfol(\ the period of rest is called the dlasinh, the two periods make 
up the cardiac rt/ch . 

The systole of the correspond intr cavities of the two sid(»s of the 
heart is exactly synchronous, that is to say, the two auricles contract 
simultaneously; and the sinniltaneous contraction of the ventricles 
immediately follows that of the auricles. While the auricles are con- 
tractinjr the ventricles are in a state of relaxation, and the relaxation 
of the auri(*h's cinnmences directly after the ventricular contraction 
bejrius. 

The rate of the heart beat de|)ends upon the duration of the dias- 
tolic i)ause, which lessens pro|)ortionally as the heart beats more 
rapidly. 

Amitnmu' Hrlafimis. Kncased in the pericardial sac, suspended 
apex downward from the *rreat vessels, the heart hii'«r(»ly occupiers the 
middle mediastinum or int(M*pleural space. It hand's ol)li({uely behind 
the lower two-thirds of the sternum, |)rojectin^^ slitrhtly to th(» ri«rht 
and considerably to the left of that bone. 

That the heart is sus|)(Muied by its vessels and not supported by 
the diaphrairm is proved by the fact that the diaphrairm separates from 
the heart duriiiL' deep ins|)iration, as shown by the Rrmttren rays. 

Furthermore, th(» rays show that the heart chambers are not en- 
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tirely emptied at each systole, as was formerly assumed by physiolo- 
gists (Beck). 

Behiod, its base corresponds to the sixth, seventh and eighth 
thoracic vertebrae, from which it is separated by the oesophagus and 
the aorta. In front, the base corresponds to a line drawn across the 
sternum at the lower border of the second costal cartilage, extending 
one-half inch to the right and one inch to the left of the sternum. Its 
lower border, made up of the right ventricle, is nearly horizontal. It 
rests lightly on the central tendon of the diaphragm, which separates 
it from the convex surface of the liver. The apex, which possesses a 
<;ertain freedom of motion, strikes the chest wall at a point between the 
cartilages of the fifth and sixth ribs, at a point two inches below, one 
inch to the sternal side of the nipple, which point is 3^4 to 31/2 inches 
from the midsternum in the fifth interspace. The right ventricle is 
anterior and lies directly under the sterinmi. Its lower segment occu- 
pies the fifth interspace, its lower border is on a level with the sixth 
cartilage. The organ projects slightly to the right, but considerably to 
the left of the breast bone. 

The left ventricle lies chiefly behind the right, but its left border, 
which includes the apex, comes to the front in systole. This border lies 
wholly within the nipple line. 

Perhaps DaCosta was the first to say that the heart of an individ- 
ual is about the size of his fist. Roughly speaking, the comparison is 
fairly correct and useful. Cunningham gives the average weight of 
the heart in adult males as eleven ounces (310 grams), in females nine 
ounces (250 grams). 

The Valves of the Heart. Each side of the heart is equipped with 
two valves. One guards the opening between the two chambers, the 
auricle aiid its corresponding ventricle, the other, placed within the 
Ycntricle, closes the aperture of the great vessel which springs there- 
from, viz : — the aorta on the left and the pulmonary artery on the right 
side. Three of these valves are made up of three cusps, or leaflets, 
each, while the remaining one consists of only two cusps. This latter, 
named the mitral valve, closes the orifice between the left ventricle and 
its auricle. To the free edges of its leaflets are attached the chordce 
tendinece. 

The corresponding opening on the right side, that between the 
right ventricle and its auricle, is closed by the tricuspid valve, com- 
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posed of three leaflets as its name indicates. Its movements are also 
limited by the chordae tendineae. 

The aortic and the pulmonary valves close each their respective 
opening. Each is composed of three cusps or concave pockets whose 
edges are free. They are named respectively, the aortic semiluuar and 
the pulmonary seniUunar valres. 

The Pr(Ecordi\nn. That portion of the thoracic wall which covers 
the heart is called the pra^'ordial region. It is roughly quadrilateral, 
and its boundaries are a vertical line drawn %ths of an inch to the 
right of the sternum, another parallel thereto passing just out- 
side the apex, two horizontal lines, the first drawn through the junc- 
tion of the manubrium with the gladiolus of the sternum (second rib), 
the second passing through the ensiform cartilage. 

THE EXAMINATION OF THE HEART. 

The method adopted for the examinaticm of the lungs applies 
equally to the heart, and the same order should be observed, namely, 
the history of the case should be followed by inspection, palpation, 
mensuration, percussion and auscultation. 

Ilistonj. Much diagnostic aid is derived fnmi the history of the 
cas(». since many symf)toms point unmistakably to cardiac lesions. P]s- 
pecially the date of previous diseases, which may have stood in a causa- 
tive relation, should be fixed and their nature carefully imiuired into. 

When the condition of the patient admits the standing position is 
the most advantageous for the examiner, who may himself either stand 
or be seated (m a rather high chair. He thus avoids the hunmiing 
noise arising from his own circulation, which is a fruitful source of 
annoyance to the examiner when he is obliged to assume a stooping 
posture. 

p]ven bearing in mind the possibility of being accused of prolixity 
we urge upon the student the desirability of taking advantage of every 
reasfmable opportunity to examine the normal heart with all the com- 
pleteness of detail which would be used were the organ diseased. 
While percussion and auscultation are relatively the most important 
steps, the others are by no means to be neglected. 

Inspfctiou. We begin our inspection by noting the c(mt(mr of 
the chest wall. In health the two sides are symmetrical or nearly so, 
but this symmetry may be gravely altered by disease. Occasionally 
we may detect a slight prominence or even protrusion over the seat of 
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the heart in perfectly healthy persons, especially those who practise 
habitually great physical exertion. Hypertrophy, or the accumula- 
tion of tluid within the pericardium, markedly emphasizes this prom- 
inence. Pericardial inflammation may leave as a sequence a very 
evident pra*cordial depression. We note the condition of the circu- 
lation, as manifested by the capillaries, the presence or absence of 
oedema about the eyes or ankles as evinced by pitting, the presence 
and character of the cough, the number and character of the respira- 
tions and the amount of dyspncea. One often notes a peculiar anx- 
ious expression of the countenance accompanying certain heart lesions, 
which is most impressive, and not without significance. 

The most important particular of inspection is the location of 
the apex. It is usually possible to recognize the apex beat by inspec- 
tion, except in stout persons or in cases where the organ is retracted 
from the che.st wall. Sometimes its absence is accounted for by its 
striking against a rib, instead of in an interspace. The impact is less 
apparent in women than in men, even when the mamma is retracted. 
It is more pronounced in spare individuals and in cases in which the 
organ is hypertrophied. 

The location of the imi)ulse has been given already as lying be- 
tween the fifth and sixth ribs at an average distance of three inches 
to the left of the mesial line. In narrow-chested individuals it may 
be lower and in children it is often an interspace higher. In case the 
impulse is invisible it may be brought into view by causing the patient 
to walk briskly a score of paces, by bending him forward, or, if re- 
cumbent, by turning him well towards his left front. 

Inspection should note not only the position of the apex beat, but 
its area, whether it be diffused or concentrated and the retrularity of 
the succession. In health the area should not exceed one sjjuare inch. 
The locatum of the impact changes only slightly in the different posi- 
tions assumed by the patient, but is less pronounced when the person is 
supine, and it moves slightly to the left when ho lies on that side. It 
is somewhat altered by distention of the stomach and by flatulence. It 
is more influenced by breathing. During deep inspiration the heart 
descends, the forward movement of the expanding left lung pushes it 
backwards and to the right, causing the apex to move towards the 
epigastrium. During forced expiration the heart descends and ap- 
proaches the chest wall, a larger portion of its anterior surface is un- 
covered, the impact is more diffused and weightier; hence expiration 




PoSTtfil 



The Valves of the Heart, their Leaflets and Relative Positions. ( After Murray/) 
The outer line represents the heart in diastole, according to Spaltehok. 
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offers the most favorable time both for observation and for ausculta- 
tion of this portion of the or^an. Exercise and emotion render the 
impulse more distinct ; wasting and debilitatintr diseases, dejrenerations^ 
and anaemias lessen it. 

Not only do we mark the location of the apex, but we search 
carefully for pulsations in other regions, esi)ecially in the epigastrium 
and over the area of the right ventricle. The pulsations of the right 
ventricle are not visible in health, but are brought out by violent ex- 
ercise, and diseased conditions similar to those mentioned as affecting 
the left ventricle may cause a i)ermanent visible impact. The pres- 
ence and character of this impact should be noted carefully, as in 
disease it is of considerable diagnostic value. Holding the breath until 
one begins to experience a sense of sutrocation will bring about a con- 
dition exactly sinuilating hypertrophy of the right ventricle. The 
apex beat will disappear, and the impact of the right ventricle will be 
seen plainly in the epigastric area. Breathing being re-established 
order is (piickly restored. Pulsations, arterial or venous, are often 
seen at the root of the neck and in the abdominal regions. 

CHANCRES IX THE POSITION OF THK HEART, THE RESFLT 

OF DISEASE. 

A pericardial eft'usion pushes the heart upward and obscures the 
apex beat. Even a slight degi-ee of emphysenui renders it invisible. 
Enlargements of the liver tilt the heart upward and outward. Hyper- 
trophy of the right ventricle prevents the apex from striking against 
the chest wall, hence rendering it invisible. In cases where 
there have been previous attacks of pericarditis with the formation', 
of adhesions the heart systole nuiy cause at each stroke a more or less 
extensive retraction of the chest wall over the apex region, varying 
with the extent of the nttaehinents. In children the whole praHM)rdia 
may be yi(»lding. In very extensive hyp(»rtro[)hy of the left ventricle- 
the apex beat may be pushed downward and to the left, ap|)earing in- 
the sixth, seventh, or even the eiirhth, interspace, and several inches 
outside the nipple line, as occurs in the so-called cor hnvinum. In 
slighter degre<»s of hypertrophy the area of impulse is displaced to 
the left in proportion to the extent of the change. Dilatation in- 
creases the an*a of pulsation and renders it more diffused without 
causiiiL^ mueh dis|)lacement. fn dilatation and fatty degeneration the 
impact is weakened: in hypertrophy it is strong and heaving. 
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INSPECTION. 



Upward Displacements of the apex are often the result of dis- 
eases below the diaphragm causing pressure upon that structure. 
Such are solid and cystic growths of the abdominal organs, ascites and, 
to a lesser degree, tympanites. The upward dragging of the heart 
which results from phthisical contractions of the left lung is described 
under Pulmonary Tuberculosis. 

Collections of air and fluids in the pleural cavity are important 
t*auses of displacement of the heart. Occurring on the right side, they 
are less potent than when found on the left. A large left-sided effu- 
sion may so displace the heart that the impulse is seen on the right 
of the sternum, even under the right nipple. It must be understood 
that the visible impulse in such cases does not correspond to the apex, 
but to some portion of the right ventricle which impinges against the 
thoracic wall. This condition has received the name of dcxiocardia. 
Adhesions may causi* the displacement to become permanent. Such 
a pulsation shcmld not be confounded with that resulting from hyper- 
trophy of the right heart, already mentioned, which occurs without 
displacement of the apex, although the apex beat may be invisible. 
In some cases of considerable hypertrophy of the right heart a widely 
diffused pulsation or heaving is seen over the entire epigastrium. It 
results from the exaggerated impulses communicated to the left lobe 
t)f the liver. It should be distinguished from similar pulsations com- 
municated to the liver by the aorta, which can usually be done by 
timing the stroke with the fingers pushed under the edges of the ribs, 
where the heart contractions often may be felt. The aortic contraction 
is slightly later in point of time. In rare cases a pulsation is seen to 
the left of the sternum, at about the second intercostal space, which 
point corresponds to the root of the pulmonary vessel. Its area is 
limited, and on palpatifm a sudden, snapping recoil is felt to succeed 
the dilatation. The expansion is caused by the filling of the pulmon- 
ary vessel; the recoil by the closure of the semilunar valves. This 
condition occurs in cases of pulmonary phthisis in which there is ad- 
vanced emaciation associated with a very considerable retraction of 
the left lung, and is comparatively infreciuent. 

Pulsaiion at the Hoot of the Seek, when seen in the supra-sternal 
notch, usually means aneurysm or dilatation, either of the aorta, which 
curves backwards less than an inch below the upper edge of the manu- 
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brium, or of the innominate vessel, which approaches the median line 
behind the top of that bone. Farther to the side lie the innominate 
veins; the left innominate vein traverses the root of the neck imme- 
diately below the sterno-clavicular junction, and often receives trans- 
mitted pulsations from the arteries. The jugular veins are frequently 
the seat of pulsations, either venous or transmitted. Venous pulsa- 
tion is present in valvular disease of the right side of the heart. The 
condition, however, occurs independently of such disease and simply 
indicates venous regurgitation, with inefficiency of the valves within 
the veins, since a certain amount of regurgitation into the cavie is 
physiologic. Venous pulsation is irregular and wave-like, and can be 
distinguished readily from the rise and fall of transmitted pulsations 
by making just sufficient pressure on the proximal side of the pulsa- 
tion to obliterate the vein. Transmitted pulsations continue while the 
venous throb disappears. 

Some of the phenomena just described are not wholly apparent 
to unaided inspection as they require additional diagnostic processes 
for their appreciation, but owing to their intimate relationship it 
seems simplest to group them together. 

PALPATION. 

Palpation for the most part confirms inspection, but the touch 
distinguishes some phenomena which are invisible. To elaborate all 
the conditions would be repetition. 

The diversified alterations in the character and force of the 
heart's impulse are more readily appreciated by palpation than by 
inspection. An impulse can be felt which cannot be seen, and by touch 
its point of greatest intensity is more accurately fixed. We study 
changes in the rhythm and force of the beat, its character, its extent, 
and the presence of abnormal pulsations. 

Temporary changes of both rhythm and force are produced by ex- 
citement, emotion, exercises or by hysteria. Permanent alteraticms 
are caused by hypertrophy, which increases the force of the impulse, 
and by dilatation, which enfeebles it while it increases its area. Mor- 
bid conditions which induce softening, such as acute infectious dis- 
eases, and general febrile states, enfeeble the impulse. Valvular dis- 
<*ases, adhesions, and displacements alter permanently the character 
as well as the position of the beat. 

Kffusion into the pericardial sac enfeebles, obscures or obliterates 
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the impact, and if perceptible it may have an irregular, wavy charac- 
ter. 

Reduplication of the systole indicates pericardial adhesions. 

Fremitus and a i)eculiar thrill, likened by Laennec to the purr of 
:a cat, are sometimes noticeable. Both of these phenomena are inter- 
<*stin^^ The tii*st, pericardial friction fremitus, may be felt at any 
point over the pra^cordial refrion in pericarditis. It is due to the rub- 
bing toj^ether of the t\\\> roughened pericardial surfaces. It is super- 
ficial, and its character is harsh, rubbing or grating. The second, **the 
purring tremor of Laennec,*' is felt only at the apex or at the base, 
and is associated with valvular lesions. At the apex it is most charac- 
teristic when associated with mitral stenosis. The purr is then pre- 
i^ystolic, but it may be present in roughening of the valves with regur- 
gitation. (It is further discussed under lesiims of the valves.) 

At the base it is indicative of aortic valvular disease, or of an- 
eurysm of the first part of the arch. 

Congenital stenosis of the pulmonary valve is said to be associated 
with a similar tremor. 

The sphygmograph and the cardiograph are mechanical aids to 
j)alpation which will be described later. 

PERCrSSION. 

By percussion we estimate the size of the heart as a whole, and 
the extent of the part of the organ which is uncovered by the lung. 
In an examiiuition it is helpful and ccmvenient to outline our results 
upon the chest with an aniline pencil. While such a diagram made 
by two examiners would be apt to vary, yet each might, none the less, 
draw corn»et inferences therefrom. If it is desired to ascertain the 
area of rvlaiivc dullness, or that area which most nearly coincides 
with the true outline of the heart, then strong, firm p(Tcussion is 
employed: whereas if it is desired to ascertain the area of ahaolutc 
dullness, which most nearly coincides with the uncovered area, then 
the slightest possible stroke is used. Since in expiration the heart ap- 
proaches the chest wall, advantage should be taken of this for the de- 
termination of its size, but in outlining the uncovered area it should 
be borne in mind that the object of the examination is not to asc*ertain 
how nnich of the heart the patient may clear by pulmonary gynuias- 
tics, but to ascertain the existing conditions: hence the percussion 
should be made during quiet resi>iration. To obtain accurate results in 
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either case is by no means simple. The thin edge of the lung overlying 
the denser organ beneath so modifies the note that much confusion 
arises; but patience and practice bring rewards. Personally, we have 
found that the most satisfactory mode of determining the larger out- 
line is to strike with just sufficient force to bring out clearly the normal 
pulmonar\^ note, and to observe the slightest change of that sound as 
indicating the heart's border. 

PERCrSSIOX AREAS OF THE HEART. 

The thin, free edi:e of the right lung extends inwards to the mid- 
dle of the sternum, and completely covers that portion of the heart 
which lies to the right of the mid-sternal line. Owing to the recedenee 
of the left lung from the sternum, along the lower border of the fourth 
costal cartilage, which it closely follows, an irregular triangular area 
of the right ventricle is exposed as follows: base, the lower border 
of the fourth rib outward to the parasternal line (a vertical line 
drawn parallel to the mid-clavicular line, half way between it and 
the mid-sternal line). The perpendicular of the triangle is the left 
border of the sternum. The third side is a line drawn through the 
upper portion of the xyphoid cartilage and passing nearly, if not quite, 
horizontally outwards to the parasternal line, or to the apex. Prac- 
tically it is very difficult to map out the third side of this area, since 
it is continuous with the upper border of liver dullness, and the differ- 
entiation between these two is very slight : but it may be said that the 
heart note lacks tlie absolute flatness elicited by percussion over the 
liver, where also the finger encounters a greater amount of resistance. 
Hence in f)ercussing from below upwards, the fall in pitch and the 
dminution in resistance enables one to say that the heart has been 
reached. The method is sufficiently accurate for all practical pur- 
poses. When still greater exactness is recpiired auscultatory percus- 
sion may be employed, with the aid of the Bowles instrument, whereby 
the differences above set down are brought out more clearly. The com- 
pleted triangle is called the area of i)ositive cardiac dullness. Its 
dimensions are, base 2 inches to 2i/^ inches (6 cm.) : perpendic- 
ular 2 inches (5 cm.) ; hypothenuse ^Vj inches to 4 inches (10 em.). 

Percussion affords the surest means at our command of estimat- 
ing the actual size of the heart, but it will be gathered from what has 
been said that the method falls short of perfection. Hence, the area 
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as mapped out by this means, while indicating generally the heart 
boundaries, falls within its actual limits owing to the curvature of 
the organ and its consequent recedence from the nearly flat surface of 
the chest, just as the periphery' of a sphere recedes from a plane on 
which it rests. 

We begin on the left side, in the second interspace, as far out- 
ward as the parasternal line and percuss downward along this line 
until a change of the note tells us that we have reached the left upper 
margin of the heart, which should be in the third interspace. We 
follow this line of dullness inward to the sternum and pencil it as 
the ba§e line of the organ. Crossing to the opposite side and percuss- 
ing from right to left, in the same interspace, we obtain our relative 
dullness at the right border of the sternum, to which point we continue 
our base line. The line on the right may be traced downward along 
the right edge of the sternum as far as the fifth interspace. From the 
point of starting the left boundary line passes downward, with a slight 
outward curve, to the apex. The lowec border line corresponds to the 
line of separation of the heart and liver, and sufficient has already 
been said regarding its determination. Forced expiration enlarges the 
boundaries by about one-half inch, the transverse diameter being more 
affected by respiration than the vertical. 

The Area of Absolute Dullness. Hughes Bennett gives the dimen- 
sions of this area as indicated by the smaller figures above cited, say- 
ing that if these measurements are exceeded the heart is enlarged. 
He places the normal transverse diameter at 2 inches. This is cer- 
tainly too small for well-developed men. I have found that even the 
larger area is often exceeded without any evidence of hypertrophy be- 
ing evinced by the cardiac sounds or by changes in the arterial tension. 

In women, owing to the interference of the manunary gland, and 
the change in the chest contour from corset-wearing, these limits are 
harder to define and are subject to much broader variation than in 
men. In children, careful percussion often fails to outline satisfac- 
torily either the area of relative dullness or the area of absolute dull- 
ness. Even when the latter can be defined its dimensions are propor- 
tionately smaller than in the adult. 

CHANGES IX THE AREA OF PR.KCORDIAL DULLNESS. 

A full inspirati(m diminishes the area of dullness by displacing 
the heart backwards and extending the lung forward. Changes 
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wrought by disease are: an increase, a diminution, or a displacement 
of the dull area. 

Decrease in its area may result from cardiac atrophy which ac- 
companies all protracted febrile and wasting diseases, but such atro- 
phy is generally inappreciable. The more usual cause of decreased 
area is disease of the lung — emphysema being the chief offender. 
Even a slight degree of emphysema affects the marginal air-cells. 

Hypertrophy of the heart is the most frequent cause of increase 
in the pnecordial area. Hypertrophy of the left ventricle enlarge* 
the area outward, to the left, and somewhat downward, so that the 
apex beat may be found in the sixth or seventh interspace. Hyper- 
trophy and dilatation of the right side increase the percussion area 
to the right of the sternum. In cases of hypertrophy or dilatation of 
both ventricles the transverse distance is increased on both sides of 
the bone. 

The other i)henomena accompanying and confirming the above 
condition are described under their separate heads. 

Effusions into the pericardial sac produce a lateral extension of 
the percussion dullness, but therewith is a cone-shaped upward pro- 
longation of the dull area towards the left sterno-clavicular junction. 
It is reiterated that hypertroi)hies do not materially increase the ver- 
tical area of dullness. Effusions impart an increased sense of re- 
sistance on percussion, and sometimes theie is a tilling or lifting of 
the pra»cor(lia with each impact. 

Tumors of the mediastinum and aneurysms increase the dull 
area. The diagnosis of aneurysm is given with the description of the 
disease. From new growths the distinction lies in the fact that there 
the heart .sounds arc unchanged in charactei* and are heard only over 
their normal areas, «nd are not ro-f jrfcHsivr with flu increased ana, 
which would be the cnse were the heart itself enlaiired; and that the 
inspection signs of enhirged heart are absent. Cancer gives cachexia. 
The history, the dys[)no'a and the subjective signs all aid in the sepa- 
ration of the conditions. Consolidation of lung tissue overlapping or 
adjacent to the heart may mislead. Auscultation will generally .set- 
tle the dit!iculty. 

I)ispla(( ntf nts of fhr Ana of Didlness occasionally result from 
tumors. Emphysema causes a slight displacement as well as decrease 
of area. Effusions are the most potent causes of displacement, espe- 
eiallv when they are into the left sac. (For diagnosis see IMeu- 
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ritis.; Air in the pleural sac operates in a like manner. (See Pneu- 
mothorax. ) Displacements due to infra-diaphragrmatie causes are list- 
ed under palpation in the preceding section. 

AUSCrLTATIOX OF THE HEART. 

When the ear or a stethoscope is applied over any part of the 
chest of a healthy individual the heart sounds are heard with var>'- 
in^ distinctness. If these sounds are analyzed they are found to con- 
sist of two distinct and easily recognized components, separated from 
each other by an interval of silence. While each of these sounds va- 
ries in intetutity, as we change the position of the stethoscope, yet each 
is audible over the entire cardiac area, and preserves its distinctive 
quality throughout. It is difficult to graphically represent these 
sounds, and no better way has yet been suggested than the time- 
honored one of imitating them by pronouncing the two monosyllables. 
**lub'' and **dup. " They represent respectively the first and the secf- 
ond sounds of the heart. 

The first sound, lub, is best heard at the apex, where its inten- 
sity is greatest, and where it is not only louder than the second, or 
"dup, sound, but is of longer duration than that sound as well as more 
booming or resonant in character and lower in pitch. The second 
sound is best heard immediately over the sternum, opposite the sec- 
ond interspace. It follows from what has been said that this sound 
is higher in pitch, shorter in duration, having less of a boom and more 
of a sharp, cut-off character at its termination than the first. And 
Although the first sound listened to at this point is less prolonged and 
less weighty than it is at the apex, yet at whatever part of the chest 
they may be heard the healthy second sound is shorter in duration 
and higher in pitch than is the first. 

The two sounds present further modificati(ms when listened to 
over the right ventricle and over the pulmonary artery, but in the 
main they preesrve the characters already attributed to them. The 
character and modifications of the sounds are best learned by expe- 
rience, since a wordy attempt to describe minute differences is con- 
fusing rather than helpful. When we examine into the nieehanisni 
of the sounds we can still better appreciate their character. 

The principal element in the production of the first sound is the 
closure of the auriculo-ventricular valves, but along with this sound 
and modifying its quality must be named the apex impact, the note of 
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muscle contraction, and the noise made by the rush of blood through 
the aorta and the pulmonary arteries. Were it not for these modify- 
ers, neither its quality nor its duration would differ from that of the 
second sound, wliieh is produced solely by the closure of the aortic and 
pulmonary semilunar valves, caused by the reflux of the blood column 
upon their leaHets ; hence almost the sole variation to which the second 
sound is subject in health is diminution of its intensity as we recede 
from the point where it is produced. As has been stated, the two 
sounds are separated by a pause, and a second interval follow's the 
completion of the heart beat, this second pause bein^ approximately 
three times as long as the first. 
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Fig- 39 — Auscultation of normal heart sounds. Relative length of normal heart 
sounds drawn to a scale of i-io. Each division below the line represents 
i-io second. 

While the normal heart rate for adults is upwards of seventy 
per minute, yet for convenience we may assume a rate of sixty beats 
per minute, since this rate greatly facilitates the description. Then one 
beat or complete heart cycle will occui>y one second. If now we 
divide the complete cycle occupying one second into tenths of a second, 
the relative length of the factors which make up the cycle will be, 
first sound, 4-lOths, short pause, 1-10, second sound, 2-lOths, long 
pause, 3-lOths; total, lO-lOths. This is indicated by the accompanying 
simple diagram. 

A — Ventricular systole. 

B — Short pause. 

C — Closure of aortic and pulmonary valves. 

D — Ventricular diastole. 



172 THE HEART 

As said, the long pause or period of rest varies with the heart's, 
rate. When the heart's pulsations follow each other with jrreat rapid- 
ity, the period of rest is reduced to the minimum, and when the 
heart's action is slow the period of rest is lengthened and becomes 
longer than the period of action. On the other hand, when heating 
rapidly the long pause so lessens as to be shorter than the period of 
action, hence the normal sounds of the heart may seemingly change 
their relationship to one another, and, when the action becomes very 
rapid, to the listener the first sound seems to follow the second sounds 
since the interval betwen the second sound and the recurrent first 
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Fig. 40 — Diagram illustrating the relationship in time of the first and second 
heart sounds in different rhythms. 

sound is now longer than the interval between the first sound and' 
the second: a state of affairs which may be embarrassinir to the 
student. 

In the slowly-acting heart the distinction is easy, since it is only 
necessary to remember that the long silence follows the second sound, 
but in cases of rapid, irregular action accompanied by a chaii*re in 
the qualities of the two sounds which makes them resembh- encli otlicr, 
or when only the first sound is audible at the base and the soeoiul only 
audible at the ape.x, the difficulty of separation is C(msiderabl(\ 

The accompanying diagram may aid in comi)relien(linu: tin* rchi- 
tionship. 




PLATE IX. 



The cardinal points of the valve areas. Points at which valve 
sounds are best isolated. 
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POSITION OF THE VALVES OF THE HEART. 

The valves are all located within such a narrow radius that a 
silver quarter may be so placed as to cover a portion of each. Indeed, 
the aortic and the pulmonary semi-lunar valves are separated from 
each other only by the thickness of the aortic wall. The two auriculo- 
ventricular valves and the aortic valve are in one plane, which forms 
a diagonal of the thorax. As described in the various text-books, 
much variation in the location of these valves will be found to exist. 
Most recent anatomical research as to their exact topographical posi- 
tion locates them as follows: The pulmcmary valve lies beneath the 
third left costal cartilage, but close to its junction with the sternum, 
and is the most superficial as well as the highest up of all the valves. 

Were the position of the heart vertical the aortic valve would lie 
almost exactly behind the pulmonary valve, but, viewed from in 
front, the heart is the subject of a double tilt. The vertical axis 
points from right to left and the antero-posterior axis points from 
above downward. For this reason the aortic valve occupies a lower 
level than the pulmonary valve, at the same time being deeper- 
seated, lying behind the left edge of the sternum, opposite the upper 
part of the third interspace. 

The mitral valve, the most deeply [)laced of the four, lies beneath 
the left half of the sternum, opposite its junction with the fourth 
cartilage. The right auriculo-ventricular, or tricuspid valve, is more 
superficial than either the mitral or the aortic valves; its aperture is 
almost vertical, and it lies under the middle of the sternum, opposite 
the fourth interspace. The upper, inner segment of its opening over- 
laps the lower inner segment of the mitral orifice. It will be seen, 
therefore, that all of the valves lie under the middle and left half of 
the sternum, between the upper border of the third cartilage and a 
short distance below the fourth. 

ISOLATION OF THE VALVE SOUNDS. 

It might strike the student as a difficult, if not an insurmount- 
able, task to isolate the sounds arising from four structures so nearly 
superimposed. Such, indeed, would be the case were it not that the 
points of isolation, the point at which each separate sound is best 
heard, does not correspimd to the surface area above given, nor even 
to the superficial point nearest to the actual seat of the valve. This is 
due to the fact that the sounds emanating from the valves, made bv 
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the impinging of the blood current against their leaflets and from: 
their closure, is best propagated in the direction of the blood current ; 
hence the apparent discrepancy. The locality in which the mitral 
sound is best heard is over the apex area. The tricuspid is best heard 
close to the left border of the sternum, at the fifth intersi)ace, or over 
the xiphoid cartilage. The aortic valve sound is loudest and clear- 
est, and should therefore be listened to, on the right of the sternum in 
the second interspace, where the aorta approaches closest to the chest 
wall, for which reason the second right costal cartilage is named the 
aortic cartilage. On the opposite side of the sternum (left), in the 
same interspace, is best heard the pulmonary valve. This gives us 
four cardinal points at which the four sounds are best isolated, at 
which their individual (jualities are strongt*st and easiest to ditfer- 
entiate. 

INFLUENCES WHICH CAl'SE ALTERATIONS IN NORMAL 

SOUNDS. 

Since inflation of the lungs increases the thickness of the heart 
cover, diminishes its exposed area, as well as causes recession of the 
organ, all the sounds are bt»tter heard during forced ex[)iration. Ad- 
vantage should therefore be taken of expiration to differentiate sounds 
which are otherwise inaudible or only feebly heard. The normal 
sounds of the heart are best heard with the patient sitting: or stand- 
ing, although its areas are best mapped out with the patient . lying 
on his back. But. in case of suspected disease of the organ it is abso- 
lutely essential to percuss and to auscultate the patit^nt both while 
standing and while lying down. The diagnosis may be materially in- 
fluenced by this precautioEf, and doubtful cases may be removed to 
the realm of certainty by the procedure. Thus, a murmur may en- 
tirely disappear wlien the patient lies down, and reappear wh(»n he 
rises. It may confidently be stated that such a murnnir is not organic. 
On the other hand, a murmur which is only audible when tin* patient 
is in the recumbent posture is probably organic. 

CONDITIONS WHICH AFFECT THE INTENSITY OF THE 

SOUNDS. 

The normal heart sounds are heard with greater int(Misity, as well 
as over a larger area, in perscms whose chest walls are thin : also ns the* 
result of excitement: in cardiac hypertrophy: during the sthenie stage. 
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of fevers ; as the result of certain cardiac stimulants ; and as the result 
of increased density of adjacent pulmonary tissue. As a result of the 
last-named, they may be conducted to very distant points. The full 
sigrnificance of this sigrn is considered under the section on Phthisis. 

Conversely, the heart sounds are rendered weaker even in health 
by abnormal causes. Fear or frij?ht so acts, as do debility, wasting 
diseases, and the anaemias. Many druj?s have the power to depress, 
the heart, and careful inquiry should be made as to whether the 
patient is addicted to drug habits. Diseases such as fatty degeneration 
of the muscles ; mechanical causes interfering with cardiac action, — as 
effusion into the sac of either the lung or the heart, — produce like 
results. Not infrequently one encounters a heart whose sounds are 
abnormally weak and inaudible without any assignable cause, the 
subjects being generally women. 

Except in cases of cardiac hypertrophy, or when consolidation of 
tissue has taken place, the extent of the area over which the sounds 
are audible has no special significance. Pull inspiration obscures 
certain of the sounds. This is particularly true of the pulmonary 
valve sound heard on the left side in the second interspace. Likewise 
during full inspiration the aortic sound is lightened in intensity. The 
apex sound is now best heard nearer the median line, as the apex is 
moved in that direction by the lung expansion. Nervous excitement 
and exercise temporarily increase the intensity of both the heart's 
action and its sounds. Such action is named palpitation. Advantage 
may be taken of exercise to temporarily intensify the sounds when 
auscultating a heart whose action is feeble. Softening of the walls 
diminishes the intensity of both the sounds, particularly the first. This 
is observed in many acute febrile and infectious diseases, and in the 
degenerations. Thickening of the walls changes the quality of the 
tone, especially of the first sound, lengthening it and rendering it 
more heavy and booming, thus lowering the pitch of its note. This is 
the result of hypertrophy, however brought about. 

The (luality of the second sound is more constant, and changes 
materially only in disease of the valves or in grave alterations in the 
composition of the blood. Increased back pressure on the valves 
causes a forcible, snap-like closure, which augments the second sound 
both in clearness and intensity. This is especially the case with the 
pulmonary second sound, and in lung consolidation is an important 
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hiini of br*niiiiiiig of palrooriary inniiraiioii- Anmrjsm of :h- a-na 
will cAiiSr acy^eDtuation of th»r <»cr<»Dd s«>'jLnd 'A that valve. 

Ill caftr of d'lid in the pericar»liai sac *t*.»th s^junds s^ttil; :..• rv^ii-r 
fiv^rii a disiaDc^ and to have a frr-ble. laun^-ij ohara».-:rr. «>thrr rhac-rr-^ 
worthy of not:c»r are the redupiieat:«»rj '•! one •jr th^r Mthtr s«:iiiiid ai.i 
th»f lengthening or shortening of either uiirrval, the lone or the sh- r:, 
between the ^.•und>. 

h^dujAk'-at^KOi. rirceraily it :s the »et>.»cd :j*.»und whit.-h :> r^-- 
peated. This eurioui* pheDonjen'.»n ean Ur explain^ni only ..l :h- 
hypjthesis that the c«>rrespi>nd:ni: valve*, the aortic and thr \-'\\- 
inonarj- on the one hacd. and the mitral and thtr tricuspid *.»n To- 
other, fail to close s>Tiehr»»noiisly : or else «»n the assumption that ih»- 
two allie«j ehaml^ers of th»r heart fail to iXintraot in unisiiu. Such a 
the^^rj' as the tirst is verv- p;au.siMr and ^^juld b** bniiitrht about r»y any 
relatively imjMjrtant chancre in the bk«jd pressure of the twn circula- 
tions, the pulmonary and xh^ systemii-. Fnim the nature of the ca>*-. 
the fijniier more often will be at fault, and pulmonary engi»n£emeiit by 
inereasint; the back pressure *m th- d«»rs nf the pulmonary artery wili 
cause that valve to anticipate slightly its time of cl«jsure. and. indeeil. 
such reduplication often i-x-urs after running, as is seen in >printers. 
In the same way narnjwinir of the blt>xi channels, the elfei-t of selen»si> 
of large orcans. particularly the liver or the kidneys, would pn»du»*»' 
similar results on the aortic valve. 

Retardation in the closure of the tricuspid valve causes redupli- 
cation of the first sound. 

Reduplications are sometimes intermittent, sometimes rlmhinical. 
that i.s. they skip a certain number of beats, recur at stated interval, 
skip and recur almost melodiously. 

Shortening of the silent intervals in relation to puLse rapidity has 
already been referred to. 

ADVENTITIOUS SOUNDS. 

The normal sounds of the heart may l>e replaced by nr be iut-r- 
mint!led with other sounds adventitious in their nature, totally dif^*-! - 
ent in quality from the normal sounds. The recoirnitit»n of th-r-- 
sounds and the correct interpretation of their relation to the heart '^ 
mechanism, are of prime importance in the diagnosis of the many 
ailments to which the structure is liable. These new sounds are classi- 
fied as pericardial or endocardial. 
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THE TRICUSPID AND PULMONARY VALVES. 
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Tliose sounds which are due to alterations in the strueture or 
chanj;es in the (M>ndition of the adjacent hi vers of the pericardial sac, 
namely, the visceral and the parietal layers, are termed csovardial 
or pfricanlial murtniirs. Such chanjres are usually the result of in- 
flammation, but may be caused by external pressure. From their 
character they are called fvici'um sounds. The manner of their pro- 
duction will be considered hereafter. 

Those sounds that originate from chancres occurring; within the 
orjzan, which are essentially changes affectin*r those reduplications of 
its serous lininji: which form the valvt's, are classified as aulHni'dinl. 
In contradistinction to the friction sounds they are termed murmurs. 

Endocardial murmurs vary extremely in character, pitch, tone, 
duration, location, time, and in the distance and direction in which 
they an* transmitted. They often receive their names from a fancied 
resemblance to some sound in nature: hence, we read of blowin^r, 
cooin»r, rustling, clacking, rasping, grating or filing murmurs. Such 
terms are useful since they generally roughly indicate the pitch. The 
majority of murnuirs are soft and blowing, yet occasionally they are 
so harsh and noisy as to be audible to the bystanders. 

(\\( SKS WnrC'II PHODUCK MUKMrRS. 

As to the exact physical or mechanical causes which operate to 
I)roduce thi* above-described sounds we have no positive knowledge, 
but a plausible theory may be formed by reasoning from existing 
pathologic conditions. We know that murnuirs accompany grave 
changes in the compositio.n of the blood without any recognizable 
structural alt(*rations of the heart, the valves, or the vessels. Such 
murnuirs are called hamic murmurs, and are described as functional 
or accidental. They are associated with most of the grave aniemias, 
but occur in other diseases as well. By some writers the term iuor- 
(jauic murnuirs is applied to sounds so arising; both this term and the 
name nonorganic are objectionable in this sense. 

On the other hand, nuirnuirs are associated with certain path- 
ologic alterations of structure which can stand only in a causative 
relation thereto. Enumerated they are: 

(a.) Narrowing of the orifices through which the blood finds exit. 

(b.) Widening of the orifices. 

(c.) Narrowing or widening of the bloodvessels or heart chambers. 

(Changes under a. and b. are in effect changes in the valves, such 
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&s roii{rh«'riin(:, thick**iiinir, or puckering of the leatiots, — ileforinities 
resiiltiiiir from sclt-rosis. Infiainmatory deposits or vegetations result 
in [wrf orations or contractions of the leaflets, i 

(1.,; ImjM'rf^'Ct opening or closure of the valves due to causes 
mentioned and to shortening of the rhmda it ndin^a. 

It w«*rc [)rofitless to discuss the laws of hydraulics and hydro- 
statics which mifht seem to apply. Suffice it to say that the noises 
are prwJuci'd by th<? vihratiofis set \i\> in both liquids and solids by 
the circulation nf the blood ov«*r th<* altered structures. It is also 
conct'ivabli* that blood alterations may intluence these murmurs, 
especially by increasing or diminishing their intensity. 

(Jifjanlr nuirnuirs nay be produced at any of the four valves of 
the heart, but by far the most conmion valve to be alTtM?ted is the 
mitral : next in order of freciuency is the aortic, then the tricuspid, 
with the j)ulmonary a bad fourth. The aortic and mitral valves 
together are affected four-fifths as often as the aortic valve alone. 

RESri/rs OF VALVrLAH IMPAiKMENT. 

Inability of a valve to close? so as to render itself ** water-tight" is 
called insHfficien( y, and the return flow of blood through the orifice is 
called reyurgitaiion. The causes have been enumerated. It is, how- 
ever, well established that the phenomenon of regurgitation may 
occur during excited and violent-acting states of the heart, when both 
valve and nuiscle are [)erfectly healthy. Such inetTiciency can be 
explained only as a t<»m[)oiaiy expansix)n of the valvular ring or by 
imperfect closure, just as other automatic acts are disturbed by over- 
stinuilaticm. So, also, altered states of the blood may be accompanied 
!)y all the audible signs of regurgitation without organic change being 
present. Xo doubt in many of these cases the insufficiency is actually 
present, <mly to pass away with the im[)rovement in the general 
condition. 

(V)ntraction, [)uckering. or thickening of the valve leaflets, or 
deposits upon their surface, shortening and thickenintr of the chnrda 
tcndmfd* and deposits into the valvular fibrous ring, operate to pro- 
duce such a narrowing of the valve opening as to interfere with the 
outflow of the blood. Such interference is called ndndar sf< mK^is. 
The aortic and the left auriculo-ventricular orifices are oftencst 
affected. 
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TIME OP CARDIAC MrRMURS. 

Having considered the physiolojjic action of the heart and the 
mechanism of the murmurs we are prepared to discuss the relation- 
ship of the latter to the former in point of time ; in other words, to 
fix the rhythm of the rnurnuir as regards those acts which constitute 
the complete* heart cycle, viz., the systole, the diastole and the period 
of rest. 

A murmur which accompauics only a sinjrle act of the heart, the 
filling or emptying of a chamber, the opening or closure of a valve, 
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Fig. 41 — Diagram illustrating t!u* single or simple murmurs. 

is classified as a simple or sin(jh murmur. Murmurs which arise in 
connection with two of these acts, constituting a union of the simple 
nuu'murs, are called compound murmurs. Compound nuirmurs aris- 
ing at one orifice or valve are called double murmurs, when originating 
at different orifices they are called combined or associated murmurs. 

Every simph* valvular murmur has one of three relations to the 
sounds of the heart, one of three places in the cardiac cycle. 

First, the murmur may be synchronous with the contraction of 
the auricles, in which case it is auriculo-systolic. In time such a 
murmur precedes the first sound, running up to that sound but ending 
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at the uioiiKMit of its production. The relation which any nuirniur 
bears to s\ stole or diastole may best be ascertained by placin»r the 
stethoscope over the seat of the murmur, and, while the tip of the 
finjirer i-t^eords eaeh systole, the attentive <*ar eonsijrns the murmur to 
its proper period in the heart cycle. 

Seeond. the murmur may be synehnmcms with the anitnuiion 
of the n Hfrlclfs, in which case it is vtHiricular-sysfolir. In point of 
time such a murmur follows the first sound of the heart and ends 
somewhere between the first and tlie seeond sound. S(mi(»times the 
nuirnnir is so prolonj^ed as to almost touch the second sound. It is 
(piite apparent that in this case the murnuir may actually be^in with 
the be^'inninir of systole, but will not be apparent until the cessation 
of the true systolic sound, hence will follow immediately upon that 
sound as tbouj^h it were a piolon<:ation of systole. 

Third, the nnirnnir may be synchronous with the (lilatatioH /*/" tlu 
vctitridrs, in which case it is vt ntrirular-diasiolir. In point of time 
such a nmrmur folhncs ihc swond sound and ends durinjr the interval 
bet wen the second sound and the recurrence of the first sound. 

Hrietiy recapitulati»d the simple nnu-murs are, therefore, presys- 
tolic, systolic, or diastolic in reflation to the functi<ms of tlie heart. 

In accordance with the sim[)h» scli(*me adopted for representation 
of the heai-t sounds we may, by a slight modification, represent also 
the simple endcM'ardial murmurs and their relations to the normal 
sounds : 

Various combinations of the simj)le murmurs, const itutinjr the 
I'ompound or double nuH'murs, are not of rare occurrence, and greatly 
increase the perplexity of correctly timinjr them. They are illustrated 
in Diagram. 

The most comm<m of these associated or combined ccmditions, as 
we shall see, is the co-existence of a ventriciUar-systolic and a ven- 
tricular-diastolic nmrmur; then, of an auricular-systolic with a v«mi- 
tricular systolic murmur. In certain cases of long standing, in which 
two or more valves are affected, four or even six murmurs might 
possibly l)e present in the same heart. 

LOCATION OF CARDIAC jMl'KMlTRS. VALVl'I.AR ARKAS. 

The point of origin of a murnuir, the direction and the limit of 
its diffusion, are pretty constant quantities, and clinical exi>erience 
combimni with post-mortem confirmation have estal)lished certain fields 
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which are called the anas of the murmurs. The location or seat of 
the miirmnr is determined by finding its point of greatest intensity; 
by mapping' out the field over whieh the sound is audible, the direction 
and extent of its transmission, in conjunction with the associated 
symptoms. B^ven when all these elements are wei^^hed there is a 
possibility of error, and experience rather than precept must teach 
the stud<Mit that the presence of a:i «:dventitious sound does not neces- 
sarily mean or*;anic dis(»ase, nor dors its absence indicate freedom 
from such a malady. 

We examine successively tbe four cardinal points already named, 
at which normallv the four valve-sounds attain their maximum in- 
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Fig. 4J — The combined murmurs. AS .Auricular systole. VS Ventricular sys- 
tole. VI) Ventricular diastole. 

tensity (see plate). If a nuirnuir is clearest and most di.stinctly heard 
at the apex, it is stron*; presumptive evidence that it concerns the 
mitral valve and the left ventricle. The mitral area is a small circle 
surrotuulinjr the apex of the left ventricle, as illustrated in th<» accom- 
pany in^r plate. Its locaticm, therefore, chancres with ehan^a\s in the 
position of the apex, and enlarfres with enlargement of the ventricle; 
hence the necessity of accurately locatinj; the apical [)oint. Mitral 
murmurs are more generally propaj^ated to the left than to the ritjht 
of the apex. Especially is this true of re^ur^ritant murmurs. The 
obstructive mitral murmur is apt to keep within bounds, and its point 
of trreatest intensity corresponds pretty accurately with the center 
of our circle — that is, it is a little to the rijxht of the apex point. 



182 THE HEART 

A corresponding: <Mrele on the hack, of which the inferior anjrle 
of the left scapula is the center, will often enclose a field in which are 
distinctly heard the mitral ninrnmrs, especially in emaciated persons, 
and this firld should not be overlooked. This is admirably shown in 
the photograph of the patient with mitral insufficiency, on pa<:e 209, 
in which case the nnirmur was transmitted directly to the area shown, 
without followin«r around the axillary space. 

Roth DaCosta and Naunyn draw attention to the fact that some 
mitral murnnirs have their seat of jireatest intensity, not in the above 
area, but in the second or third interspace, an inch-and-a-half or two 
inches outside the left border of the sternum, — that is, just beyond 
thi: j)ulmonary area, foi* lesions of which valve they mi^ht possibly be 
mistaken. The nuirnnirs thus centeriuir are usually re*rurjritant, and 
the explanation lies in the fact that at the point indicated the auricle 
is most superficial, and that it cr{)j)s out still further when dilated by 
tht* re^urj^itated fluid. Some of the nuirnuirs assi«rned incorrectly to 
the pulmonary valve, are, according; to Balfour, in reality mitral mur- 
nnirs so caused. While the center of intensity is hijrher up in these 
cas(*s than the usual mitral center, yet this should not deceive the 
cautious obs(M*ver. Their area is outside the pulmonary area, and they 
are heard, but with less distinctness, in the mitral circle. 

Tricuspid Area, If the murnuir is best heard over or at the left 
mart^in of the ensiform cartila«re wheie the ri<;ht ventricle is exposed, 
it is highly i>robable that it emanates therefrom, and that the triiMispid 
valve is the malefactor. In case of considerable dilatation or hypc^r- 
trophy of the right ventricle the valve moves towards the h ft, and the 
sound is iieard along the sixth interspace, (sixth and seventh ribs) 
to the left of the sternum. 

The tricuspid area is triaiigular in shape, larger in its bounds 
than the preceding area, since it lies more to the front. Its limitations 
are a line crossing the sternum from the lower border of the fifth 
right costal cartilage to the upper border of the third left cartilage, 
thence downward to the center of the mitral area abf)ve desci'ibed. 
thence across the ensiform cartilage to the point of beginning. The 
diagram gives a clearer idea of tiie area than can be given by des(»rip- 
tion. The left boundary coincides with the left interventricular 
cardiac groove. 

Puhmnmi'}) Area. If a lesion of the pulmonary valve exists the 
auditory area is limited to a small circle over the origin of that art(»rv 
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in the second and up[)er third left interspaces. The inner border of 
the circle touches the left edi^e of the sternum. These uiurmurs are 
superficial, hence distinct. The sound disap[)ears when searched for 
across the rifrht sternal border, but may be indistinctly transmitted 
upward toward the left sterno-clavieular articulation, it is not eon- 
ducted into the jjreat vessels of the neck, nor is it audible in the apex 
area. These limitations serve to separate it from l)oth mitral and 
aortie murmurs. Organic puhnonary nnirmurs never arise in int(»r- 
current diseases, although functional murirnirs are often credited to 
this role. 

Aortic Ar(a. If the rejrion in which centers the intensity of the 
adventitious sound be the upper sternal, especially if the re^rion lie 
to the rij?ht of the bone, the murnuir in all probability arises from 
a defective aortic valve. These nnirnuirs are heard with little vaiia- 
tion of their intensity beneath the manubrium, and on both sides of the 
sternum, in the third left and in the seeond rijrlit interspaces, which 
latter is just below the aortic cartila<re, at which point aortic* murmurs 
attain their maxinuun intensity, as a rule: but owin<r to the position 
of the aorta and the direction of its current they are audible, ofttimes, 
the entire len«?th <>f the breast-bone, and in cases of re»i:ur^itati(m the 
center of intensity is not infreipiently over the ensiform cartilage, 
and even extends over to thi* mitial area. 

Aortic obstructive* nnirnnu's are transmitted into the vessels of 
the neck with considerable clearn(\ss and intensity, which fact distin- 
guishes them easily fnun all other murnuirs. Kven re^rurjritant aortic 
murnuirs may be heard faintly in the cervical vessels. The obstructive 
murmur is sometimes liejird in the course of the ^^'cat vessels down 
the spine and even in the extremities. The diagram shows the area 
of these murnuirs as it appears on the anterior aspi'ct of the chest. 

MITRAL .MURMURS. 

When during the long cardiac pause the blood returns from th? 
lungs to the left auricle, the inflow causes that chamber to dilate 
(auricular diastole). As soon as this auricle is filled, the chamber 
contracts, (auricular .systole) and forces the blood through the left 
auriculo-ventricular orifice into the left ventricle. If now the mitral 
valv(* has been affected by disease in one of the ways set down, so that 
the orifice is narrowed and the flow obstructed, the current no longer 
passes, silently and swiftly, throutrh the gateway to its ventricle. 
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The obstruction causes the emptyinfr process to be impeded and there- 
fore prolonged, and the passajre of the blood is accompanied by a 
munnur, which has its »:reatest intensity in the apex retrion and which, 
in [)(>int of time, occui-s during the auricular systole, that is, before 
fh( apex imimrf. Such a nmrmur denotes miiral sft nosis, and is so 
named. It bejrins when auricular sv stole be*:ins and ends with or 
before the completion of that act. It (Krcurs while the blood is being 
expelled from the auricle and while the v(Mitricle is still passive, but 
it frequently r(*sults in a [)rolon<:ation of the auricular contraction. 
Beinjr j)nKluced by the blood Howin^^ in its natural direction it is 
spoken of as a din el murmur, in <*ontradistinction to murmurs arising 
when the blood flow is in a direction contrary to its natural course, 
such murmurs being named indirtet murnnirs. Special attention is 
directed U) the fact that this murmur may be distinctly audible only 
when the patient is lying down, disappearing when he sits or stands. 
Although this Jinirnuir occurs during ventricular diastole, it is not 
to be understood that it is audible <luring the entire period of the 
ventricular dilatation, although blood is flowing ])assively into the 
<'avity during the whole of that act. Ventricular diastok^ clo.ses with 
auricular syst(>le, and the added impetus given to the current by tliis 
contraction of the auricle may be necessary to imi)art sufticient force 
to the stream to produce the murmur. The auricular contraction is 
inaudible, bui is immediately followed by the ventricular contraction, 
which [)roduces the first sound of the heart. Since the munnur is 
generated immediately before this latter contraction or systole, it is 
called pr(s!jst(di(\ which distinguishes it from those murnnirs whose 
duration is that of the entire diastolic period. The spe(*ial point re- 
gaiding its tempo is that it is not heard innnediately after th(* sreond 
sound of the heart, but immediately before the first sound. 

With or without encountering obstacles in its path the blood from 
the left auricle now reaches and distends the left ventiich* (vetiti'ic- 
ular diastole), whose contraction immediately succeeds its distetition 
(ventricular systole). In the healthy heart the only escape for the 
current imprisoned by the closure of the mitral gate is through the 
oj)en aortic valve. If, however, disease has wrought changes which 
inhibit the perfect closure of the mitral leaflets, when the blood surires 
aiiainst them during the ventricular contraction they will not sutlfice 
to stop its flow, but will permit a portion of the fluid to pass back- 
wards and re-enter the left auricle. 1'his back-flow is further aided bv 
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the slight nej^ative pressure existing? in the auricle during that period 
of the cardiac cycle. The valve permitting this return flow just 
described is said to be incompvtt nt, or iitsufficifnt, and the reverse 
current is called nijurgituiiou. In this case it is mitral regurgitation. 
This phenomenon is indicated also by an accompanying murmur, which, 
in its beginning, is synchronous with ventricular systole, — that is to 
say. the apex impact and tbe carotid pulse, and accords with the first 
sound of the heart : or it inunediately sncci»eds that sound and pro- 
lonjjs it, ending between the first and seeond h(»art sounds. It is 
the most co:iimon of tbe valvular defec'ts. Th(» preceding murmur may 
exist as an independent entity, but is more often associati^d with the 
present one. 

THIcrSPTl) MLRMTHS. 

The right V(»ntricl(» acts in unison witb the left, its systole and 
diastole an* at one with its fellow. The trieus[)id valve bears the same 
physiologic relation to the right heart tbat the mitral valve does to 
the left. Except for the number of its leaflets, its anatomic construc- 
tion is similar, that is, the edges are joined to the delicate chordae 
tendinea* which limit its motions; bcnce it is subject to the same ail- 
ments as its f(»llows, but for some unknown cau.se is less often visited 
by these alllictions. The ttmpn of tbe murmurs which arise in con- 
nection with disorders of tbis valv«' will coincidi* in all respects with 
those of the mitral. Ilen<*e tricuspid strnosis will be presystolic 
(auricular-systolic), and tricuspid insntViciency will bt* accompanied by 
a regurgutation which takes place during right ventricular sys- 
tole (v. s.) 

Tricuspid ie:.rurgitation seldom exi.sts as a!i independent disease, 
except as the result of a ccmgenital d(»fect. It is pnme to be (me of 
the later com[)lications of mitral disease. 

Tht» stc^nos s i: still larer than th(» incompetency. 

Tricuspid murmurs are quit(» distinct and superficial, almost 
never heard higher than the third rib, hence a:e not (»nsily overlooked, 
nor are they apt to be misinterpreted. 

AORTIC VALVE :\lURMrRS. 

' The outfiow of blood through the aortic semilunar or sigmoid 
valve takes [)lace during the systole of the ventricles. Alterations 
occurring at this orifice of such a nature as to offer an impediment 
to th(* outward current, such as narrowing of the passage, give rise 
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to a murmur which is synchronous with the apex bent and follows 
the first sound of the heart as a prolongration of that sound. The 
murmur will then be ventricular-systolic (v. s.), and the character of 
the obstruction will be stenosis. 

If, by reason of enlargement of the aortic rinj? or owing to defects 
already expounded, the valves are unable to prevent the retiux of the 
current which closes them back into the ventricular chamber, then 
this backward flow or regurgitation of blood will also engender a 
murmur which succeeds immediately upon the ineffectual closure of 
the valves, that is to say during the period of diastole of the ven- 
tricles (v. d.) The nuirmur so produced is usualy a loug-drawTi, 
soft souffle w^hich, as an index of disease, is the most trustworthy of 
All the adventitious heart sounds. Such a sound may replace or 
obscure the second aortic heart sound, since in some cases the stiffened 
segments make little or no efforts at closure, and the backward flow 
begins with the bfginnhig of diastole. 

A consideration of what is taking place in the cardiac chambers 
at this time will enable us better to understand the mechanism of this 
murmur. While the semilunar valves are closing, the ventricles are 
dilating with the in-take of blood from the auricles, which act con- 
tinues not only during the time when the second sound is produced, 
but subse(iuently thereto until these chambers are filled, when another 
sj'stole empties them ; hence the murmur ceases before systole. 

In many instances the defect of the aortic valve produces a double 
murmur, a combination of the two conditions described (v. s.+v. d.). 
Their relation in point of precedence will be described later. 

THE PFLMONARY VALVK :\limMrHS. 

Acquired lesions of the pulmonary vahv are i)athol()gic curiosi- 
ties. Even congenital lesions are rare. ^lurmurs are often heard 
in the pulmonary region, but most of these are either false or func- 
tional murmurs, or are transmitted from other seats, the areas being 
somewhat anomolous. Attention is directed to this eontlition of alfairs 
in speaking of mitral affections. 

However, two lesions of the pulmonary leaflets are recognized, 
stenosis and insufticieney. The first should give rise to a nnirmur 
s\Tichronous with the emptying of the riirht ventricle, which is there- 
fore ventricular systolic (v. s. ) : and the second, when manif<\stcd by 
A definite nuirniur. would be in time vcuitricular-diastolic (v. d. ), but 
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these are perhaps the rarest of all the cardiac murnmrs and the 
physician should be wary of asserting on insufficient evidence the 
presence of the h^sion which seiMiiintjly jjfives rise to such a murmur. 

FAF.SP: MrRMM^S. 

The name of (ardio-puhnoHanj muDiiurs is j^iven to false mur- 
murs which closely resemble the sounds produced by orjiranic disease 
of the valves, but which in reality are produced outside the heart as 
the result of disease within the thorax, or of neijrhborin»r or^MUis. 

The chief causes of such extra-cardiac murmurs are pressure 
exerted upon the heart, or disi)lacement of the or^an, as the result 
of disease of the pleura or the lunjr, effusion into the pericardiac sac, 
abdominal disease causin<r u[)ward pressure, changes in the peri- 
cardium or in the lappet of lunir which overlaps the heart. 

Cavity contraction of the left lung with ui)ward displacement 
is described under tuberculosis. This displacement gives rise occa- 
sionally to a systolic nuu'mur heard at the second or third interspace, 
which may be mistaken for mitral regurgitation or even aortic dis- 
ease. The disi)hicement and the rareness with which valvular dis- 
eases are found in pulmonary tuberculosis should correct the error. 

In a like maiuier a murmur is i)roduced by disease of the left 
pleura. The secpu^he of this disease are thickening of the membrane, 
partial collapse of th(» lower lobe of th(» lung and contraction of the 
che.st wall. The nuirmur is systolic, caused by th(^ heart's impact 
displacing the air from the larger bronchi. This nnirnun* is heard in 
the axilla, around to the left scapular angle as well as at the apex 
and in the tntnitli. The latter cpiality, i?i conjunction with the history, 
aids in diagnosis from organic mitral murmurs which ar(» never heard 
in the mouth or over the trachea. Abdimiinal pressure, as in enlarge- 
ments of the liver, and abdominal dropsies, have caused systolic mur- 
murs which disapi)ear after paracentesis. 

Pleural effusions, accompanied by displacement of the heart, 
especially left-sided effusions, may be accomi)anit»d by a loud systolic 
murnuir heard at both base and apex. It disappears after removal 
of the fluid. Osier and other writers call attention to the frequency 
of a systolic murnuir heard about the cardiac apex in tuberculous 
subjects. The nuu-mur resembles mitral regurgitation and is caused 
by the displacement of the air in the partially consolidated lappet, by 
the cardiac impact, as in the case of pleiu'isy. It is always more 
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distinct during expiration, and disapi)ears when the breath is held 
after a full inspiration or wh(»n the patient lies down. Heard at 
tlie apex and in the left axilla, yet its most common seat and point 
of greatest intensity is in the second left intercostal space about two 
inches from the sternum. In doubtful cases of tuberculosis tlie pres- 
ence of this nmrnnir at the i)oint indicated is strong eviden(*e of cini- 
solidation. (See Tulmonary Tuberculosis.) 

Changes in the pericardium n^sulting from previous intiamma- 
tion are frecpient causes of nnirihurs which are hetird ovim* an (^xcimmI- 
ingly limited area, viz., the sixth left interspace and over the seventh 
rib close to the ensiform cartilage, where the right V(*ntricle is in 
contact with the chest wall. The sound is very sui)erficial, shorf, 
sharp, systolic, never rough or blowing. The sound often resembles a 
reduplication of the fiist heart sound. It may disapp(»ar when ihi* 
patient lies down, but not invariably. 

False murnuirs of this class, canlio-respiratory, often center 
around the pulmonary valve. In time they are systolic and are fre- 
(piently to be heard in thin-chested individuals and children. They 
are best heard during forced expiration with the subject reeumbent. 
They are present after great exertion or excit(»ment and during con- 
valescence from acute diseases. 

The pulmonary area i:-: a favorite seat for the ane nie nnii-nuirs. 

Lastly emphysema, when it causes downward displacenuMit, is 
frerpiently accountable for a nnirnnir which is at one with the ai)ove 
described pericardial nuirnmr in time, (juality aiul location. 

It will be seen, therefore, that the mere presence of a murnnir, 
as has been said previously, by no means is indi<*ativH of oi-iraiiic 
valvular disease. Neither is the inability to discover- sn(*h a nnirmur 
positive* grounds for its exelu.sion. The diagnosis, theF*c»fore, should 
r)e based on thr rnsrmhk' iff physical sitjus nud isturinlhi nn fhi nm- 
scntlivt (hanfft.s which the disability produees in the heart, sooner or 
later, in almost all cases of grave disease. Attenticm t(» these and tln» 
following points will usually lead to a correct inte'pn^tation of the 
conditions. 

W. (lilman Thomf>Kon says that fals«» and funct'onal nnirnnirs 
are always systolic, nev<»r diastolic. While we are no; prepaifd to 
agree fidly with this statement, nevertheless it must b« admitted that 
the vast majority of them is systolic. 

Osier lay.s down the following rules: — 
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(1) In thin, nervous children a systolic murnmr of soft quality 
is extremely common at the base, particularly at the second left costal 
cartilage, and is probably of no moment. 

(2) A systolic murmur of maximum intensity at the apex, and 
heard also aloii^ the left sternal marjrin, is not uncommon in aniemic, 
enfeebled states, and does not nec«*ssarily indicate either endocarditis 
or insufficiency. 

{'\) A murmur of maxinnun intensity at the ai)ex, with rough 
quality, and tiansmitted to the axilla or anjrle of the scapula, indicates 
an orj^anic lesion of the mitral valvt*, and is usually associated with 
si^rns of enlarjienient of the heart. 

(4) When in doubt it is nuich safer to trust to the evidence of 
the eye and haiul than to that of tln' ear. If the apex beat is in the 
normal position, and the area of dullness not increased vertically or 
to the ri^rht of the sternum, there is probably no serious valvular 
lesion. 

False Murmurs. 

1. Often superficial, quality 
fi ietional. 

2. Time not synchronous 
with bey:inning systole or diastole. 
May precede or follow. Are rare- 
ly diastolic. 

'3. Seat, point of maximum in- 
tensity varies. Often heard at 
both base and apex without 
change in (piality. Area of propa- 
iration irregular, not coincident 
with corresponding organic area. 

4. Many disappear when pa- 
tient is recumbent or upon sus- 
tained full inspiration. 



Orffonic Murmurs. 

1. Quality oftenest blowing. 

2. Oftenest exactly synchro- 
nous with svstole or <liastole. 



*^ Definite seat of maximum 
intensity marked by anatomic 
point. Areas of propagation defi- 
nite. 



4. Little aifVcted by change in 
position or by holding breath. In- 
tensity increa.sed by forced ex- 
piraticm. Some heard only in re- 
cumbency. 

5. If heard in mouth or trachea 
is aortic stenosis or aortic aneu- 
rysm. Mitral nuirmurs never. 

6. Pulmonary engorgement 
common. 



5. Many heard in mouth, es- 
pecially **air impact'' murmurs. 

C. Pulmonary engorgement ab- 
sent. May be anaemia. 



SECTION X. 

DISEASES OF THE HEART. 

PEKICARDITIS. 

Dt/iinflo)!. Pericarditis is an iiiilaininatory process attaekiiiy: the 
serous eovcriiitr of the heart and its n^tiection upon the inner surface 
of the pericardial sac. A primary or idiopathic form is recoj?nized, 
but is rare. Traumatic pericarditis may occur. Secondary forms 
arise in connection with rheumatism, tonsillitis, septic and tuberculous 
infections, scarlet fever and occasionally after other eruptive fevers 
and in the course of gout and Bright \s disease. It occurs by extension 
in cases of inflammation of contiguous structures, especially of the 
heart, arteries and brcmchial glands. Pleurisy, morbid growths, sup- 
puration and occasionally other rarer causes are accountable for its 
presence. 

Forms. — The disease may be divided (Conveniently into three 
forms : 

1. Plastic or dry pericarditis. 

2. Pericardial effusion. 

^. Chronic or adhesive pericarditis. 

The plastic or dry form may constitute the lirst stage of the. suc- 
ceeding varieties, but one-half of the cases do not advance beyond the 
dry form. 

Plastic pericarditis is characterized by the small amount of Huid 
exudate, an amount too small to be recognized by physical signs. 
When caused by tuberculosis it may result in progressive chronic 
thickening without effusion. 

Inspection gives no signs. Palpation may reveal a distinct 
friction fremitus, best-marked over the central and most superficial 
parts of the heart. The sign is oftener absent than present. 

Auscultation reveals the friction sound, one of the most impor- 
tant, as well as one of the most distinctive, of physical signs. The 
sound originates from the rubbing together of the two roughened sur- 
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faces of the pericardium, hence is a superficial to-and-f ro sound heard 
directly under the ear. Although caused by the systole and diastole 
of the heart, the nibbing is not perfectly synchronous therewith, being 
usually more prolonged than these sounds. It may be single, or, on 
the other hand, the rhythm may be multiple or galloping, (jalloping 
rhythm is, however, more characteristic of the adherent form. 

The sound is rough, grating, rubbing, creaking, or it may be loud 
and rasping. The croaking character has been likened by the French 
to that of new leather and is termed, bruit dc cuir n(nf. It is never 
blowing: never conducted in the direction of the blood currents; 
never heard over wide areas. It may be intensified by bending the pa- 
tient forward. It is influenced by respiration and changes of position. 

In some eases the* sound is best heard over the apex or over the 
base, instead of in the area given. 

Pericardial friction is not a phenomenon of long duration and dis- 
appears as soon as liquid aecunuilates within the sac. 

Diafjnosis. The only i)robable mistake which is apt to occur in 
the diagnosis of dry pericarditis is to confuse a pleuro-i)ericardial 
friction sound with a pure pericardial friction. The former is com- 
mon in phthisis and pleuro-pneumonia. Time will usually resolve the 
difficulty since the pure pericardial sounds disappear after a brief 
interval, while the others may remain for protracted periods. Pleuro- 
pericardial sounds are not as a rule located over the anterior and 
superficial parts of the heart. Being caused by roughening in the left 
ventricular region, the sounds are confined to the left border of that 
organ. 

Holding the breath does not affect the pericardial sound, but 
often causes a cessation of the pleuro-pericardial, particularly holding 
the breath after a deep inspiration. The respiratory rh\lhm further 
affects the last named by increasing its intensity during expiration 
and diminishing it with inspiration. It is less snperficial and not apt 
to be a to-and-fro sound. 

Double aortic murmurs are propagated into the neck, are perma- 
nent, not affected by respiration or position and are accompanied by 
a wholly different train of symptoms, which should prevent confusion. 

PERICARDIAL EFFUSIONS. 

The signs vary with the amount of the effusion. If considerable,. 
inspection will show praecordial bulging, especially in children, widen- 
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mg and obliteration of the int**r.sparcs and n wavering, undulating im- 
pulse. In smaller effusions tin* iiiiinilj^e is tumultuous. As the amuiiDt 
of tluid increase!* the heart recedes from the chest m^all and the impulse 
beeonips invisible. 

The veins of the neek yhnw distention. There is often a promi- 
nenee in the epigagtrium due to the downward displacement of the 
lirer. <^dema of the chest wall may be present. 



^^E^ 43 — Showitiff area of dullness in pericardial effusion, 

M €nsMratio fL The expansion of the left lung is diminished, the 
left lateral cirenmferenee is increased. 

Paipalion. The apex beat gradually becomes less and less distinct 
and disappears. After it can no longer be felt in the fifth interspace 
it still may be palpable in the fourth. Friction fremitus has now dis- 
appeared over the right ventricle, but may persist longer over the base 
of the heart. Fluctuation can y^ry rarely be detected. 

Percitssion furnishes the most striking symptoms of effusion. As 
the fluid accumulates the area of cardiac dullness enlarges iu all direc- 
tions. The edges of the lungs are pushed aside* even the diaphragm 
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and liver are depressed. The area is now rudely triangular ur jn^ar- 
shaped with its base across the mxth ur evt*u the seventh intempaw, its 
apes OP stem pointiug to the inner end of the left clavicle. In very 
larjre eifusiotm dullTH^s may extend frriui nipple to nipple, vvlneh is 
never the ease in cardiac hypertrophy. This dullness is rendered the 
more strikiu^ and abrupt by the hyper-resonanee of the neighboring 
compressed lung. 



Fig, 44 — Effusion into pericardial sac, shading insensibly into the diaphragm. 

Ri>teh's sign of effuaion is dullnejss in the fifth interspace on the 
H^ht side. Ewart a si^ is dullness or impaired resonance posteriorly 
above the angle of the left st^apula. Both are valuable. Pressure 
upon the left lung may impair the pulmonary percussion note, ren- 
der i n g i t H a t o r vesicu lo-ty nip an it i e ( Skoda 's resonance ) . T he eh an ?fe 
is most marked in the left axillary region as high up as the nipple, it 
is altered by changes in the position of the patient, as is also the area 
of dullness at the scapular angle ; both may disappear when the pa- 
tient leans forward. 

AnscuHatiijn. With the increase in the efifusion the heart sounds 
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hceoiiir ^nadiially wcakeiu^d and muffled aud finally are almost inau- 
dible. Fiietion sounds may i)ersist over the base of the heart after 
tht\v have disappc^ared fi'om over the ventricular area, or may be heard 
when the patient is erect, disappearing: when he lies down. Generally 
the heart sounds may be heard at the top of the sternum after they 
have beeonu* inaudible over the pranrordia. 

The heart's aelion is increased and irretjuiar. A systolic murmur 
nuiy ])e present and uivc rise To the erronecnis diairnosis of mitral valve 
disease, and the pulmonary second sound may be manifestly accen- 
tuated. The breathing' sound referred to above, heard in the axillary 
rejzion, is feeble or even tubular in case of sutHcient pressure. Tin* 
rpiality chancres somewhat with variations in the position of the pa- 
tient. 

f)iaffnffsi\. The dia»rnosis presents many ditlficulties, in spite of 
the well-marked sinus set down. The disease is often overlooked and 
even unsuspected when the sac is filled to reph»tion with tiuid. In 
cas(»s of rheumatism, (^specially in children, the heart should be exam- 
ined daily. 

The condition which most <'losely resembl(»s (»tVusion is dilatation 
of the heart. The following: are the principal i)oints of difference: 
/) ila t a t in ii . Effiis in ti . 

Inspection. Impulse visible ex- Impulsi' invisible, 

cept in stout perscms. Wavy. 

Palpation. rjni)ulse felt. Tn- Impulse not felt when erect. 

chan«jr(Hl by forward inclination May be palpable when patien: 

«>f patient. b»ans forward. 

Percussion. Dull area not tri- Dull in fifth and even sixth in- 

an^ndar, increases downward and terspaces on both sides: is trian- 
to left in mitral stenosis, in other trular-shapi'd, reaches hii^h as sec- 
forms it nevei- reach<*s so hitrh on ond rib on left of sternum: up- 
left of sternum. per limit may shift with ehauire 

of jiosition. 

Auscidtation. Heart sounds S(»unds distant and nmliiMl. 
valvulai- and clear, especially sec- 
oiul sound. 

Dysputea less urirent and intlu- Dyspntea not sn jnthi'Mired 

enced by exertion. 

Slow development, no pain, tio Rapi<l dt»vel.)p!iMMit. pain, 

fever. lever. 
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The most striking point of difference is that dilatation never 
reaches a de^n'ee in which the dull an*a simulates that of erVusion, 
irUhout tlir pres( nrr of visible pulsation and never produc<^ Skodaic 
H'sonanee in the axillary region. 

CHRONIC PERICARDITIS; ADllESIVK PERICARDITIS. 

The siu:ns an* m(»st pnmounced in eliildren, in whom the condition 
is prone to remain as a memento of rhtMUiiatism. The disease ordi- 
narily leads to dilatation and hypertrophy with insut^cieney of an ex- 
treme jrrade, and the physical simis ultimat(*ly become the si<rns of that 
affection. Other manifestations vary exceculintrly. 

Insprction. The i)ra»c()rdia in the post-(»ffnsion sta^^* is retracted, 
(^specially in youuir suh.jeets: latei*, l)ulLrinir and asynunetry succeed 
owinjr to th(» cardiac enUu'jr-'meiit. The impulse is diffuse, iiudtiple or 
wavy, increased in area, often extending' from the third to tin* sixth rib 
and beyond the nipple. It may be displaced in any directicm, espe- 
cially downward or to the ri»rht. Each systole may produce a retrac- 
tion of the chest wall, a valuable si^n of adhercnct* when present. 
Adhesion to the diaphra*rm jjives rise to a systolic tuirjrinjr at the i>oints 
of attachment, particularly at the seventh and ei<rhth ribs in the left 
antero-latcral reirion, and behind bctwetMi the (In-tnth and iinlfth 
yihs nu fin Uft si<l( . This visible i-etraction of the chest wall behind 
with (»ach systole is known as Rrnadbent 's siirn. In such attachments 
the dia[)hra^Mn does not descend with inspiration, hence the natural 
n^spiratory excursion of the <'pi*j:ast!ium is absent. The same restric- 
tion of diaphratrmatic movemi'iit occurs, howevei-, in i)leuritic eft'usions 
and emphysema ahon, and in ascites, abscess or tumor hrncath the 
stru<*ture: hencj' the siirn nuist not br interpn4«'d as invariably indi- 
cating adhesions, as is soni(»times stated. The diastolic collapse of the 
cervical veins due to tluMr sudd<*n em]^lyin.L^ with exi)ansion oL* th« 
chest wall, is known as Friedreich's siirn. Osier says its sijrnificance 
is of little momeiu. 

An im[>ortant siu:n related to adherent pericardium, but by no 
mt*ans confined to that disi'ase, is known as LittiMi's sitrn. described 
by him in 1S!)2 and denominated "The Diaphrairm IMienomenon.'' It 
is a visible, undulatin.Lr, ascendin«r and d(*sceiulintr wav(^ or shadow to 
be seen with respii'ation between the sixth intercostal space and the 
fi-ec border of the I'ibs, crossin»r the latter at an acute an^de. It is 
produc<*d by a stripi)intr off of the diaphragm from the chest wall. 
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and is synchrouoiis with the movements of the midritf. It is most 
api)arent in the axillary or parasternal line when viewed in a strong' 
light. With the patient reenmhent, the arms extended above the head, 
he is directed to take a lonjr breath, which must be abdominal and nt)t 
costal. Litteu also states thai by laying; the patient on his belly th«' 
wave is sometimes seen on deej) breathinji: posteriorly in the lowei- 
thoracic zone. It may be seen in a good artificial light and may some- 
times be noticed with the i)atient standing or sitting, as well as when 
lying down. The sign is absent in very young children and changes 
its character in old age owing to the calcification of the cartilages. It 
is a common phenomenon of health and is i)resent in over ninety pei* 
cent, of individuals, in fact in all cases where the diaphragm ascends 
and descends normally with respiration. 

The normal shadow is ab.>ut three inches in extent (6-7 cm. — Fiit- 
ten) and is more marked in men than in women and children. Wii'^n 
e<iual and unbioken on both sides it indicates normal pulmonic condi- 
tions or healthy lungs. 

It is exaggerated in both health and disease when the respirations 
are uniformly increased. Exaggeration on one side means vicarious 
respiration on that side and diminished function on the opposite. It is 
diminished on both sides ecpially in asthma, emphysema and other 
conditions which diminish uniformly the respiration volinne. In such 
icases Litten says the sign is more apparent posteriorly than anteriorly. 
It is diminished on one side in the unilateral affections of the lung or 
pleura, especially unilateral tuberculosis, of which it is an eariy and 
n^liable sign, in pleurisy, in hypertrophy of the heart and in peri- 
cardial effusions, l^leural and pericardial adhesions break the wav'e 
in a variety of ways. When the adhesions are extensive the wave is 
.absent. It is absent in advanced tuberculosis and other diseases accoai- 
{)anied by considerable consolidation, and in cases of collection of air 
•or fluids within the pleural sac. 

Accunudations of fluid, tumors below the diaphragm, and 
Advanced pregnancy mechanically inhibit the shadow, and thus its 
absence serves to locate them. Litten mentions that it is present in 
subphrenic abscess. 

Pnlpalinn. The dia,stolic shock or rebound of the heart is fr*lt 
when the hand is placed over the pra'cordia. This is i-egarded as the 
most positive sign of adherent pericardium. Systole may causf a 
retraction of the chest wall, to be followed by the shock. The apex 




PLATE XIIL 



ABC The Area of Dullness in Pericardial Effusion as shown by 
the X-Ray Examination. Diaphragm pushed down. 
Heart Apex at A. 
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position dot's not change to the left as in th(* normal heart, whefi the 
patient is turned on the left side, owing to the adhesions. 

Percussion. The area of eardiae duUness is increased ui)\vard and 
to the left, reaching in extreme cases the first intersj)ace. Adherence 
between the pericardium and the phnua nuiv i)revent the left and 
upper margin of the dull area from changing with deep breathing, 
as pointed out by Williams. Osier tinds that considerable adhesion 
of ])leura to pericardium, or of i)leura to chest wall, none lh<^ less 
allows almost unrestricted moticm. 

Ausniltafiint. The signs may be negative. At best they are 
uncertain. The heart rhythm may be ^lalloping or fn»tal. A systolic 
or i)resystolic nuirmur is often i)reseiit, heard over the apex. The 
signs of dilatation and iiisulTiciency ultimately predominate wluMi that 
condition becomes pai-amoinit. 

Auj'iliarjf si^,ns. That pt^ricarditis is a painful disease is a wide- 
spread error. Pain is sin'cre in a few cases, in others it is absent or 
only slight. It may i)e referred to the xii)hoid cartilaire. Fever is 
generally present but is not high. In intercurrent cases it autrmeuts 
the existing temi)erature. In rheumatism hyper j)yrexia may ocviur. 
Dyspnoea of slight grade occurs in the plastic form: with etfusion it is 
generally suiTfici(^nt to draw attention to the heart. 

The pulse is rapid and snuill. In adheient cases the t}nlsus paro- 
ilo:riis of Kus.smaul is a symptom of note. It consists of an increase in 
frequency with iri'adnal weakening and (*v«»n disjipi)earance of the 
pulse during inspiration. Initial chill is occasional. 

IlYI)KOPKHT(\\KM)nM. 

During the eoiu'sf of those dis(^ases which product* geuei'ul 
anasarca or dropsy, tiuid may accunnilate within the pericardium in 
considerable (iiumtity. The disease is then known as liydropericar- 
dium. The c<»ndition is uiuiccompanied by intiauniiation of tlie sa(*. 
but occurs in the course of such chronic diseases as nephritis; the 
valvular heart affections, cirrhosis of the liver, cancer, and tubercu- 
losis. The effusion is sometimes stained red. Pleural etVu.sions nuiy 
b(» complicated by transudate* into the sac, in which case one or the 
other effusion is very apt to be overlooked. Occasionally the fluid 
collects after scarlet f(*ver. 

The physical signs are those given under pericarditis with effusion. 
The maladv is insidious and. occurrinir in the course of diseases accom- 
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panied by dyspiupa eausi*s few additional si^ms, hence should be held 
in renienibranee. 

The normal state of the perieardiuni during life is probably like 
that of the fresh iy-opin/d i)eritoneuni, that is, humid but never wet, 
henee the small but varyin«r amount of fluid found in the pericardial 
sac after death is i)robai)ly a post-mortem transudate. 

II(niui}>( ricardiuiiK or blood in the pericardial sac, is due »renerally 
to the rupture of an aneurysm into the sac. Aneurysms of the first 
])art of the aorta frecjuently so rupture owinjr to the attachment of 
the sac bein«r ai)out Iwo inches ai)ove the orijrin of the <rreat vessels 
((iray). The aneurysm may be of the coronary arteries or of the 
heart wall. Rupture or wounds of the heart are less frecpient but pos- 
sibl(» causes. Death (piickly intervenes in all these cases with si^rns of 
heart failure and dysi)na*a. Percussion shows tin* characteristic dull 
area. 

PncutnojK rirard'mm. <ias in the pericardial sac is a rare cimdi- 
tion, but may result from a tuberculous perforation from the luni: 
or the (eso])ha«rus, or perforation throu<rh the diaphragm from cancer 
of the stomach. It has followed stab-wounds. 

Pericarditis with effusion <piickly follows and the admixture of 
«ras a!id fluid ^ives rise to a movable area of percussion dullness asso- 
ciated with tymi)any. 

On auscultation friction sounds are heard admixed with splash- 
inpf, bubbling and churnin*; sounds which are remarkable but charac- 
teristic. Th(» heart sounds are obscured and, if heard, are feeble and 
distant. Death is not lonp: delayed. 

PHYSICAL SKJXS AND SYMPTOMS OF THE VARIOrS FORMS 
OF VALVrLAR DISEASES— MITRAL IXSrFFK^IENCY. 

This is the most fretpient form of valvular disease, yet it may 
exist for years without tlu» patient beinjr awar(» of any defect. The 
first manifestation is shortness of breath on jroing uj) hill, up-staii*s 
or followintr unusual exertion. 

As exf)lained in the consideration of valvular defects, the ineff*«^c- 
tual closure of the mitral valve allows a certain amount of blood to be 
thrown back into the auricle with each systole. The auricle is receivinir 
at the same time the blood from the lunirs. The two curn^its cause an 
exces-sive diastole, which inevitably results in dilatation. Owini! to 
the excess amount of work necessary to expel the aupnnented (piantity 
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of blood, auricular hyiiertrophy supervenes. As soon as this condi- 
tion is reached each auricular systole forces an increased quantity of 
blood into the left ventricle, with the same results as in the case of the 
auricle, viz. — first dilation, then hypertroi)hy of that part. 

The resultant action of mitral incompetency upon the ri^ht heart 
is (explained as follows: 

The over-tilled left auricle impedes the emi)tyinjr of the j)ulm()n- 
ary veins into the cnvity. as occurs in normal hearts durinir diastole. 
This venous enu'or.ircnient'and the consecpient increased interi)ulm()nary 
pressure prev(»nts thv fret* expidsion of blood from tht- ri^dit ventricle 
into the pulmonary arteries, and dilation of that chamber results, with 
subse(|uent hypertrorhy. This hyperti'ophy causes an acc^'ntiuition of 
the pidmonary secoiid sound. The ri^rht ventricular dilation results 
in insutTiciency of the auricular-ventricular valves ou that side and 
finally th(» ri»:ht auricle is involved. Venous i)uLsation in the neck 
indicates its occurrence, and betokens venous en^or*:emenT elstnvhcre. 
The stomach, omentum, kidneys and liver are especially involved. 
Cieneral dropsy snpeivenes; anasaica is accompanied by albuminuria. 
The a.ssociation of liver pulsations with tricuspid dis(»ase has been 
pointed out and occurs here as a late lesion. Owin^^ to the [)ulmonary 
en^^)rfrement haMiiori iiai'^e is apt to occur and is not confined to the late 
stajres of the diseasi-. In mitral insufficiency it n\i\y be an early 
symptom. 

Attacks of bronchitis are fre(incnt, due to the same predisposing 
cans '. 

Sjf/nphnns. The dis!»ase naturally divides itself into two periods, 
durinir which the symptoms and physical si^ns vary greatly. These 
are th«' period durini!: which compensation is perfect, and the period 
when (M)nip(Misation is no lontrer maintained and during which the 
ever-incr(*asin«r venous eni;ory:ement oriirinatc^s most of the evils of the 
dis(*as(\ For convenience these periods will be* rcfcri-ed to as the first 
and second .sta»res of the malady. 

I nspection. The area of th(^ visible pulsation is increased and 
difl'used. esp(»cially so in children. The apex impact is in the nipple 
line or beyond and displaced a little downward, appeariiur usually in 
the sixth interspace. In children the prarordia bulues. The face 
shows a certain auKMUit of venous contrestion especiiiJly over tln^ cheek 
bones where the veins are enlartred and thread-like. The lips and ears 
show a bluish tint : this in <»ases of lonlr-standin^^ even with compensa- 
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tion. Clubbinjr of tho finj^ers occurs and is prononiuvd in children. 

In the first stajrc dyspmea is not pronounced, but shortness of 
breath follows unusual exertion. With the second sta*re come marked 
cyanosis and a jaundice tint, and dysi)n<ea is profound. Irrei^ularity 
of the heart's action, palpitation and dirt'usi(m indicate dilation. Epi- 
gastric pulsation occurs in the second sta«re, when the rijrht heart par- 
ticipates. 

Palpatio}!. First sta^re. Impulse forcible and even heaving. 
Second sta*re. Impulse diffused, weak and irrejrular, often arythmic 
an<l wavy. Thiill is rare. If i)resent it is felt at the seat of the apex 
beat and is synchronous with the first sound. The pulse is ie«rular and 
full durintr C()mi)ensation, l>ut in the second stasre becomes small, easily 
ccmipressed Hnd irrejrular. When onc(» this irrcirularity sets in it sel- 
dom ever afterwards disappears. 

Percussion. The heart boundaries are (Milar^red l-aitraUy nuich 




Fig. 45 — Pulse tracing in a oa^^c of mitr.il rcg'.irgitati(»n in a well compcij sated 

state ( PaUon). 

more than virticalhf. This diagnostic point is refern»d to under peri- 
carditis with effusi(m. When the rijrht ventricle b(»comes involved this 
area in<*reases on both sides of the sternum. No other form of valve 
disease so materially incn^ases the transverse diameter, which may 
extend from a point an inch beyond the rijrht sternal margin to the left 
anterior axillary line. 

AuscnliaiioH, A systolic murmur is heard which has its »rreatest 
intensity at the ai)ex. This murmur, as already stated, may follow 
the first heart sound as a prohm^jation thereof, or it may wholly 
replace the systolic sound. Its character is jrenerally .soft and blowing?, 
but may be nuisical. Its streujrth or loudness dejx^nds ^n-eatly upon 
the ventricular contraction. Chanjre in this respect in the downward 
s<*ale portends evil. Th(» word sofi us(h1 in this (M)nne(*tion nuist not be 
interpreted to mean frrhh, but as beinir c»pnos;'d to hiirh-pit<'hed orid 



DISEASES OF THE HEART 



201 



shrill. This nnniimr is^ transmitted directly an Mind the ribs into the 
axiUa and can visually be heard as far as the an^lo of the scapula. 
Sometimes the murmur is audible in the rt^eumbeut posture, and dis- 
appears when the patient in erect. At the apex as a rule the second 
heart sound heard during diastole, is loud and decisive. It is due 
to pulmonary accentuation. In eases of great hypertrophy affecting 
both sides of the heart, a strong systolic bio win *r sound is the only 
murnmr heard. In mitral regurgitation the disturbance in the heart's 



Fig. 46 — Mitral insitftkieiK^y. fallowing great increast* in ilie transverse area. 
Apex beyond the anterior axillary line in 7th initfrspace. Some emphysema 
is associated. During faurteen years equilibrium has been well matntained. 
Lintil within three months of present time. 

rhythm m chiefly in the direction of shortening the intervals between 
the systoles. 

The above describes the typical state of affairs, and cases are fre- 
quently eueonntered whieli will conform with exactness to the picture. 
The principal imjiations are that sometimes the nuirraur is best he^rd 
along the left border of the sternum, as pointed out by Nannyn, or at 
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the base of the heart where it may be loudest, and may be audible only 
in that situation, as mentioned by B. Foster. These instances are rare. 
Sometimes it is heard over the entire chest. There may be associated 
a presystolic mitral murmur. The association of this presystolic with 
the systolic mitral murnnir is the onlv nbsolittc ante-mortem evidence 




Fijc- 47 — Dorsal area of nuinmir. mitral reiiiirj^iiatic.n. Patient ^hovvu in plio- 

toj^raph ( V\k. 4() ) . 

which we possess of positive incompetency of the mitral valve, sinc«» 
dilatation of the rin^' with relative ineomi>etency and sclerosis will 
induce an identical train of sequences. L«ti» in the disease tricuspid 
refTurpitation occurs and a soft, low systolic murnuu' in the tricuspid 
^nsiform region indicates it. This latter complication is also evinced 



DISEASES OF THE HEART 



203 



by a iimrktHl <i(*(*ent nation of the pulmonary second sound of a clack- 
ing character, due to the increased tension in the pulmonic Vessels. 

Diagnosis. Four cardinal ])oints are to be kept in mind: 

Ai)ex beat displaced to the left and downward. 

TransViTSt^ area of dullness much increased. 

A systolic nnirmur with y:reatest intensity at apex, carried back to 
anirle of scapula with diminishing: intensity. 




Fij^'. 48 — Percussion outline ai.d area over whicli i.s luard tnurmiir of mitral in- 
sufticitMicy in patient wlmsc ph«;to<irapli is >li(>\vn (Fig. 46). 

Accentuation of \ho pulmonary second sound. 

The relative intensity of the two stconti sounds heard at the base 
of the heart, the pulmonic and the aortic, vaiy mueh in normal indi- 
viduals, as pointed out by Vierordt. In children the pulmonic sound 
is almost invariably the stronjrer and louder. In old ajre the c(mdition 
is exactly reversed. In adults the percenta^^e of cases of pulmonic 
predominanc<' diminishes with each decade. 
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MITRAL STENOSIS. 

It has been questioned whether mitral stenosis can exist without 
some degree of regnrtritation. Balfour maintains that it cannot. 

The mechanism. The difficulty of expellinj^ its blood througrh the 
narrowed orifice causes the left auricle to dilate and to hypertrophy. 
As long as it is equal to the extra task imposed upon it compensation is 
maintained, but as its systole is prolonged and rendered more difficult, 
the tension in the pulmonary veins increases by reason of the impedi- 




^^S- 49— Diagram illustrating mitral insufficiency. 

ment to their outflow, and the right ventricle is thus forced to increase 
its work in order to overcome the augmented pulmonary tension 
against which it is pumping. Venous congestion of the systemic veins 
indicates that the right heart is no longer capable of e(iualizing the 
circulation. Competency is not maintained for the protracted periods 
ofteri observed in the forejioing variety of the dis(»ase. 

The heart of mitral stenosis is in marked contrast with the 
incompetent heart. It rarely attains any great size, and the increase 
is principally in the left auricle and the right ventricle, which latter- 
forms the greater part of the lower anterior cardiac segment. 
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Symptoms. Oardiae palpitation, dyspn(pa and stitch-like pains 
about the apex are frequent symptoms. The patients arc prone to 
be aniemic and attacks of recurrent endocarditis are apt to occur. 
They are indicated by febrile attacks and marked ii^j^ravation of the 
circulatory symptoms. As com|)ensation fails venous en«rortrenient 
of the lungs results and induces symptoms which differ in no wise from 
those described under insufficiency. 

Inapevtiou. As the left ventricle is not enlarired there is no 
bulfrin^ in the a])ex region, but in children there may be a i)rominence 




i'JR- 50— J.)iaKrani illiistratiii}^ lriciispi<l incompetency. 

of the ensiform and lower sternal j^^trions. or of the left lower costal 
cartilajres eaus(*d by the hyi)er1r()i)hy of the riy:ht ventricle. The 
apex beat is pushed but little to the left, seldom beyond the nipple 
line. Often it is not well-defiiK^d, but is replaced by a diffused pulsa- 
tion to the right of the apex beat in the n^irion of the fifth and sixth 
left costal cartilages, which is dut* to the imjiact of the hypertrophied 
right ventricle, which, as already explained, lifts th<^ apex from the 
chest wall. The pulsation seen in the third and fourth left inter- 
spaces in persons with thin chest walls has been generally ascribed to 
the enlarged left auricle. This is very probably (M-ron(M)us, the i)nl- 
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sation beiniy: iu reality due to the impulse of the conus arteriosus of 
the right ventricle. 

Engorgement and pulsation of the jugulars indicate failure of the 
right ventricle to maintain equilibrium. 

Palpation. The heart impact is ditf'us(»d and is felt most forcibly 
in the region to the right of the lower sternum. Epigastric pulsation 
is not rare. Palpation furnishes the most definite, significant and 
trustworthy sign of mitral stenosis. It is the sharp thrill which is 
felt over a very limited area whose center is the fourth interspace 
just within the nipple line. It may extend as hijrh as the third or as 
low as the fifth. It is rough and rasping in (juality, begins during 
diastole as a purring fremitus, gathers fon*e with the auricular systole. 
which is its true cause, and terminates as an abrupt shock with the 
beginning of ventricular systole. The sign is pathognomonic. When 




I^'ig. 51— Pulse tracing in a case ni mitral stenosis (Patton). 

not appreciable during re])(>se it may be eliciled by slight exertion. 
Anders states that turning the patient upon the left side and elevating 
the arms accomplishes the .same result. When compensation fails the 
thrill disai)p<'ars and the lesion may be overlooked. With reestablish- 
ment of equilibrium the murnuir returns. 

Pcrnisslon. The increase in percussiim dullness is principally to 
the right and may extend as far as two inches ])ey()nd the sternum. 
On the l(»ft it seldom extends bey<md the nipi)le-line and is due for the 
most part to increase in the size of the right ventricle. The vertical 
boundaries are also increased and th«» base-lim* moves uj) to the sec(»nd 
interspa(*e. 

Ausculfation. A rough, vibrating thrill or purr is heard in the 
apex circle or a little within and above the apex point. In time it is 
diastolic and may occupy th<» entire diastolic period, or it may be 
present only during the latter part of diastole, that is to say dnriny 
auricular systole. In either case it terminates abruptly with the ven- 
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triciilar shock. Its time is best ascertained by combined palpation 
and auscultation. When it fills the entire diastolic period the two 
parts of the murnmr may show differences in quality suflScient to 
divide it ((tairdner). 

In the second left interspace lh(» second sound is unmistakably 




.^^y^'iL 



Fi^. r^2 — Knlargcmcnt of heart in mitral K'-ij-iis ( Pattoii). 

accentiinted and often reduplicated. Smiisoiu says this reduplication 
is preseut in one-third of the cases. 

The first heart sound heard in the af)«'X re»rion is sharp. cl<*ar and 
short. Whether this sound arist»s from accentuation of the tricuspid 
closure or whether due to the sharp nuiscle contraction of abbreviated 
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^stole, BB held by Broadbeut, remaios an open question. Evrd when 
eompensation has failed, the thriU disappeared and the cardiac rhythm 

has become galloping^ this sound rt*tait)^ Its ulearne^. 

The regularity of the lieart^s aetion is art'ected as shown by the 
cardiograph. The diastolic intervals vary greatly in leogth and the 
intervals between the systoles are prolonged. 

The murmur of mitral incompetetiey may be assoeiated with the 
pre»ystolie murmur, and later with that of tricuspid incompetency. 
Mitral stenosis is generally a primary affection. 



Fig. 53 — Mitral insut^ciency with large iren ut" hypertrophy. Patient h lahorcr 
with powerful physique. Murmur limited to small area on back to which 
it is directly transmitted. See Fig. 54- 

The Ptdse. The radial pnlse is small in volumCt irregular and 
easily compressed, and as the power of the right ventricle diminishes 
these characteristics increase. So long as eqnilihrium is perfect, the 
pnJse is small, and may be qnite resjular. 

The terminal symptoms are the same as those of incompetency, 
except that drops\' h less apt to occur. Pressure of the enlarged 
auricle upon the left recurrent lai*jTigeal nerve, causing paralysis of 
the vocal cords» is mentioned by Herriek and by Ossler, 





Fig. 54^ — Small area on the back tu vshich the mitral murmur (Ftg* 53) was di- 
rectly traiiismitlctl It was very faint in the axitk. The figures are on the 
tips of the vertebral spines. 

pulse in this case is small, irregular and frequent, 
those of incompetency. 

AORTIC INCOSrpETENCT. 

Incompetency of the aortic valve is the best- defined and the most 
easily recognized of valvular lesions. 

The mechanism of the disease is as follows : 
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The insiiflficieiit semilunar valves permit a portion of the blood 
pumped into the aorta to regrurgitate into the left ventricle. The 
regurgitation occurring at the time when that chamber is filling from 
its auricle, the effect of the double supply of blood, is to cause dilata- 
tion of the ventricle, which is ultimately followed by its hypertrophy. 
As the two processes act continuously the necessity for ever-increasing 




Fig- 55 — Mitral systolic murmur — seat of greatest intensity and direction of 
propagation with diminishing intensity. 

hypertrophy is manifest. The muscular endowment of the ventricle 
walls allows it to attain a degree of hypertrophy which surpasses that 
possible in the case of any other portion of the heart. Cases have been 
recorded in which a heart weight of forty-eight ounces was reached. 
As long as the two processes go on harmoniously equilibrium is main- 
tained; no evil results follow, and the discovery of the condition may 
be accidental. 




PLATE XIV. 



Aortic Diastolic Murmur, seat of greatest intensity and direction of 
propagation. AP. Position of Apex. 
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The diflficulty experienced by the left aiiriele in riddini: itself 
of its contents, owinji: to the raised pressnn* in the ventrieiilar ehaniber, 
causes it to dilate and then to hypertrophy, and to increase the leni^th 
of its systole. The raised pn^ssnre within the veins of the Innirs thus- 
produced must l)e eounter-balanced by increased pump- work on the 
part of the rijrlit ventricle, hence inevitably, after a lonp:er or shorter 
time, the rijrht hi'art sh()ws secondary dilatati(m and hyi)er'tropliy, in 
which the dilatation is linally paramount. The student will under- 
stand that patholotric results are not always easily distinguished from 




Fig. 56- \\\\>v «>f aoriio retjiirijiiatiini. .\pcx aontc The lKMv:lit to which the 
k'vcr risc^ i> niau-rialiy iiil1iu*nct'(l l»y Uu- ainoiini of prtsMirc made upon 
the biittnn. D Aortic valve cIoMire. Dicrotic notch marked. Predicrolic 
iKjtch a])^ent. 

causes, and that the mt^'hanism and order of sequ(Mice above «j:iven may 
be div(M'sified on (juite as reasonable urronnds as those here assumed. 

IM1YS1(^\L SKiXS. 

Jnsprcliou. The apex is seen in the sixtli or s(»venth interspace:. 
as far to th(» left as the anterior axillary line. The impulse is dif- 
fus(»d and undulatory durinjr the dilatation period, wide and forcible- 
durinjr hypertrophy. Ruljrintr is seen in children; the entire prae- 
cordia is raised. Occasionally durinjr systole there is a depression of 
the prfficordia between th(^ sternum and the nipple, diu^ to atmospheric 
pressure. 

Palpation. The character of the imi)act is wavy and undulatory, 
or strong and heavinjr. 

Percussion, The area of dullness is enormous in advanced cases,, 
attainiiifr here its greatest limits. The transverse area extends to the 
left beyond the anterior axillary line and downward as far as the* 
seventh interspace. 

Ausculiati^m. A murmur is heard with maximum intensity in 
the second right interspace (aortic cartilage). It is transmitted down- 
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ward alon^ both borders of the sternum towards the apex and the 
ensiforni cartilage. 

Since it is produced by the reflux of blood during the filling of 
the ventricle the murmur occurs during diastole, and therefore re- 
places the second soiiyid of the hearty or is intermingled therewith 
in cases where the leaflets are still capable of closure. In these cases 
both the murmur and the valve-sound may be distinct. The quality of 
the murmur varies greatly. Oftenest it is a long, soft, souffle, but 
may be harsh and rasping. Osier says it is the most trustworthy of all 
cardiac murmurs. We think it is not more indicative than the pre- 
systolic mitral thrill. 

Associated Mvrmurs. In many cases of aortic incompetency the 
arch of the aorta has become roughened by atheromatous deposits. 
This roughening gives rise to a systolic murmur which is present in 
about one-third of all cases. The roughened semilunar valve segments 
also are wont to originate a nuirmur by the passage of out-bound blood 
over their surfaces. The presence of these murmurs is often inter- 
preted to mean aortic stenosis, although only a small proportion of the 
cases show any real narrowing of the aortic orifice. Both sounds are 
systolic and may be heard beyond the* aortic area. In most cases of 
aortic incompetency the ventricular dilatation and hypertrophy en- 
large the mitral ring, causing relative insufficiency of its valves, giving 
rise to the systolic murnnu' of mitral incompetency. That this mur- 
nmr arises at the mitral valve and is not a conducted murmur is shown 
by the fact that its quality is often materially different from the 
systolic nuirmur just described as arising from the aortic valve. This 
.aortic murmur is rough, high-pitched; the mitral soft and blowing. 

Flint Munnur. Yet another nuirmur is heard in the mitral or 
apical area, but is less common than the systolic bruit. This second 
murmur is known from its describer as the Flint murmur. Its quality 
is rumbling, its area limited and its time presystolic or diastolic. 
Whether it is due to the inflowing blood from the left auricle, or to 
the reflux current from the aorta producing vibration of the mitral 
leaflets, is uncertain. Flint believed that the dilatation of the ven- 
tricle prevented the mitral leaflets from folding completely backwards 
against the chamber walls and, thus acting as an impediment, ])roduced 
the bruit. 

The pulse is described elsewhere. The delayed radial pulse which 
follows the apex beat after a distinct interval is characteristic, and the 
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length of the interval increases with the increase of the incompetency. 
In the carotids, especially the right, the systolic murmur may be quite 
as apparent as at the cartilage, and the second aortic sound may be 



Uw^^l 




^'ig. 57— I'-"largcnicnt of the heart in c^ortic regurgitation (Patton). A Area 
of greatest intensity of murmur, somewhat depressed. B Direction of 
transmission of murmur. 

perfectly distinct here, even when absent over the valve. Broadbent 
considers this a favorable sijrn, indicating that the amount of regurgi- 
tation is small. 
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Other Symptoms, Cardiac palpitation, distress and faintness on 
sudden exertion or rising, are very early features, due to arterial 
anuemia. Pain and even angina are frequent. Headaches, dizziness 
and attacks of syncope from disturbed cerebral circulation are not 
uncommon and likewise may be early manifestations. 

Nocturnal dyspnoea and oedema of the ankles and under the eyes 
indicate failing compensation. The patient sleeps at first with the 
head elevated, then in a chair, lastly at a table. The sleep is fitful 
and disturbed by a sense of impending suffocation. General dropsy is 
not a terminal complication unless mitral disease is associated. Endo- 
<;arditis, emboli, paralysis and luvmaturia may each play its part. 

It is in aortic incompetency that sudden death frequently occurs, 
-due in many cases to sudden over-distention of the left ventricle. In 
others, the case progresses through the stages of venous congestion and 
pulmonary engorgement to general dissolution. 

AORTIC STExNOSIS. 

Pure aortic stenosis is the least frequent of the valvular affections 
of the left side of the heart. In almost every case of stenosis there is 
some incompetency. The majority of the cases are found in old men, 
associated with extensive atheromatous changes of the arteries, and the 
older the subject the greater the likelihood of there being calcareous 
deposits within the aortic ring. Uncombined aortic stenosis is the 
least dangerous of the various forms of valvular disease. 

The first effect of the stenosis is hypertrophy of the left ventricle. 
Since there is no over-filling or backward flow in this lesion, simply a 
demand for increased i)ower of prof)ulsion, the hypertrophy comes 
about with little or no dilatation. The cavity walls thicki»!i enor- 
mously without enlargement of the chamber. As long as compensa- 
tion is perfect the change is confined to the left ventricle. With failure 
of compensation dilatation occurs, then its auricle suffers and involves 
the right heart in the same order as was involved the left. With the 
left ventricular dilatation comes enlargement of the mitral ring, and 
relative incompetency of that valve. 

Inspection. Even when considerable hypertrophy is present the 
apex impulse may be invisible, or if visible, may be feeble. ^lore 
often, however, it is slow, forceful and heaving. It is displaced down- 
ward and outward into the sixth or seventh intersi)ace. 

In old men considerable emphysema of the lungs is present and 
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serves to obscure the impact as well as to diminish the area of dullness. 
Palpation. The impulse may be impalpable and feeble, or force- 
ful owing to causes driven. The chief diagnostic symptom is the pres- 
ence of a well-marked thrill felt over the base of the heart, and cen- 
tering over the aortic region. It occurs with systole and may be of 
great intensity. In some cases it may be felt with diminished inten- 
sity over the apex. (Anders.) 




Fig. 58 — Mitral presystolic imirniiir. area and direction. 

Per('}issi(nL The area of dulliHss is increased transversely, but 
never to the <\\tent found in aortic insufficiency. Tsually the area 
as marked out by percussion falls nnich within the true cardiac 
boundaries, owing to the niasking of the dullness by the emphysema. 

Auscultation. A harsh, loud, prolonged murmur is heard, syn- 
chronous with each systole. Its point of greatest intensity is either the 
second right or the second left interspace close to the sternum. The 
second sound is obscured or more generally absent, since the lesion so 
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thickens and stiffens the valve leaflets as to prevent their closure. As 
the ventricle loses power with dilatation, the murmur softens in tone 
and late in the disease may disappear. 

Associated leakage and roughening are manifested by the some- 
times present diastolic murmur causing a see-saw sound. Although 
the conditions necessary for the production of this see-saw murmur 
are very frequently present, yet it is so often masked by the systolic 
thrill that it is inaudible. The systolic thrill is propagated into the 
great vessels. When mitral incompetency supervenes, it is indicated 
by a murmur, also systolic, sometimes musical, which is heard at the 
apex. Tricuspid involvement manifests itself in the usual way. 

The pulse is the pulsus tardus ; small, well-maintained in tension 
but slower than normal. The accompanying tracing shows its 
character. 



Pulse curve of aortic stenosis — note absence of aortic notch. 




Curve of mitral stenosis. 
Fig. 59. 

Diagnosis. These findings point to aortic stenosis : — 

A rou^h, loud, musical systolic murmur of maximum intensity at 
the aortic cartilaj^e. 

A thrill felt at the base. 

Signs of hy])ertroi)hy of the left ventricle. 

The pulsus tardus. 

The mistakes are due to amemic munnurs which are much softer, 
more apt to be found in the young, often intermittent, unaccompanied 
by thrill, and disappear under treatment. In ana?niias, the second 
aortic sound is accentuated. 

Bright \s disease produces cardiac enlargement with which arterio- 
sclerosis is commonly associated, but the urinary symptoms point to 
the disease, and in the aortic calcification of this condition the second 
sound is not absent, as it is in stenosis. 

Other Symptoms. Cerebral anaemia during the failing stage 
brings on attacks of syncope or dizziness, often of the most distressing 




PLATE XV. 



Aortic Stenosis. Seat of Greatest Intensity. T, Thrill. This Murmur 
may be Audible all over the Chest and in the Great Vessels. 
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character. In a case under observation the dizziness is centripetal, 
that is the patient always describes an ambulatory circle to the right 
and falls towards its center. 

General oedema and dropsy are rare. (Edema of the feet occurs. 
The other symptoms are due to associated lesions. 

AORTIC 8TEX0SIS AND IXSUPPICIENCY. 

As stated by Broadbent, there are few if any cases of aortic 
stenosis without some insufficiency and tlie double aortic lesion is by 
many writers ranked next in frequency to mitral incompetency, hence 
a double aortic lesion is more frequent than a single one. Hyper- 
trophy of the left ventricle reaches the same mammoth proportions 
as in the single lesion and the vascular phenomena are little modified. 




Mitral disease. Compensation fairly well maintained. Inequality of force of 
successive beats shown — insufficiency slight. 




Combined aortic and mitral disease, hypertrophy marked, pulsus alternans. 

Fig. 60. 

The double aortic lesion is evinced by a double nuirmur, systolic 
and diastolic, best heard over the base, on both sides of the sternum, 
and named, from its striking similarity to the sound of that vessel 
when afar off, the steam-tug murmur. 

The combination of aortic stenosis and mitral insufficiency gives 
rise to synchronous systolic murmurs, one centering in the apical 
region, conducted across the axillary space toward the scapular angle, 
the other best heard at the aortic cartilage, conducted into the vessels 
of the neck. 

TRICUSPID REGURGITATION. 

The causes may be grouped under three heads: 

I. Inflammatory. Acute or chronic endocarditis with resulting 
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deformity — occasional. Foetal endocarditis is more prone to attack the 
right than the left side. According to Rauchfuss endocarditis is more 
common on the right side of the foetal heart only because the valves 
are there most often the seat of developmental errors. 

II. Valvular lesions of the left heart producing relative insuffi- 
ciency by the ensuing ob.struction to the pulmonary circulation — ^more 
common. 

III. Obstruction to the pulmonary circulation occasioned by 
cirrhosis, fibroid phthisis, emphysema and chronic bronchitis — most 
frequent. 

The ventricle tirat hypertroi)hies and then dilates. The blood is 
projected into the right auricle and thence into the veins of the neck. 
The strength of the venous pulsation indicates the force of the regurgi- 
tation. When the dilatation and insufficiency are great the pulsation 
is strong. . The right external jugular best displays the throb, but the 
subclavian and axillary veins may also show it. It is best seen when 
the patient is semi-recumbent. It is greatly intensified by coughing 
and is an important physical sign. 

Inspertion. In addition to the signs of overloaded veins and 
venous pulsation an impulse is seen in the epigastric region, or on one 
or other side of the ensiform cartilage, which is caused by the hyper- 
trophied ventricle. Holding the breath, coughing or blowing increase 
its force as well as that of the venous throb. As already explained, 
hypertrophy of the right ventricle lifts the left ventricle away from 
the chest wall, so tliat the apex beat on the left is invisible. The pul- 
sating liver may be visible. 

Pal pat wn. The above-mentioned signs are confirmed. Liver pul- 
sation is less often seen than felt. 

PercussUni. The area of dullness is increased to the right of the 
sternum. If the disea.se is secondary the increase is also to the left. 

Auscultation. A systolic murmur having its greatest intensity in 
the lower sternal region is heard. The murmur is soft, blowing and 
of low pitch, and while less widely transmitted than the corresponding 
mitral murmur, is often heard in the right axilla. Even when asso- 
ciated with a mitral .systolic murnuir the softer quality and lower pitch 
of the tricuspid bruit enables one to separate the two sounds. The 
co-existence of venous pulsation with this bruit may be taken as posi- 
tive indications of the lesion. 

FaLs<» nnirmui's seldom attach themselves to the tricuspid valve 
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■emd physiologic venous pulsation is not systolic. It corresponds with 
auricular and not ventricular contraction. 

Diagnosis. The diagnasis of tricuspid insufficiency presents no 
difficulties, and with these three points in mind a positive opinion may 
be given. 

Increased area of dullness to the right of sternum. 

Systolic murmur centering at xiphoid. 

Venous pulsation in external jugulars. 

The tricuspid murnuir which develops secondarily to a mitral 
systolic nuirnuir, owing to its softer quality and lower pitch, may be 
inaudible. In that case the venous pulsation may be taken to indicate 
the lesion, es[)eeially if hepatic pulsation co-exists. Asystole sometimes 
develops and portends evil. 

Ofhcr S}/7nptomfi. The symptcmis are those of the allied heart 
lesions or of the co-existent bronchitis, emphysema and pulmonary 
cirrhosis. (Jeneral venous engorgement and universal anasarca pre- 
vail. The kidney and liver engorgement are followed by a complex 
symptom train. 

TRICUSPID STENOSIS. 

The disease seldom exi.sts as an isolated affection. Congenital 
cases die young. Women are afflicted foiir times as often as men. It 
is secondary to lesions of the left heart. The mechanism is exactly like 
that of mitral stenosis with which lesion it is oftenest associated. 

The physical signs are not always well-defined. 

Inspfction. Cyanosis, especially of the face and lips, is generally 
present. 

Palpation. Even when present the thrill can rarely be felt. 

Percussion. Slight change in cardiac area, a little increase to the 
right of the sternimi. 

Auscultation. Thrill may be pn»sent and is presystolic. A pre- 
systolic murmur is often to be made out in the costal angle at the right 
of the ensiform cartilage, sometimes in the fourth or sixth right inter- 
spaces. Either the murmur is often absent or the murmur of the 
associated mitral stenosis, of which it forms one of the most serious 
complications, so obscures it that it is indiscernible. General anasarca, 
extreme and obstinate, is an end symptom. 

Diagnosis is difficult owing to the masking of the bruit. It is 
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seldom made. The presence of the thrill is convincing. Venous reple- 
tion and dropsy suggest it. 

PULMONARY VALVE DISEASES. 

These lesions are rare. Under the caption False Murmurs are 
mentioned some of the conditions which are mistaken for pulmonary 
valvular diseases. Care must be taken not to mistake the transmitted 
mitral murmur mentioned under that disease, which occasionally cen- 
ters around the root of the pulmonary artery, for disease of this valve. 

Pulmonary ijisufficicncy is the rarest of all valvular defects. It 
is generally congenital. 

hispeciion. Constant cyanosis, great venous congestion and 
dyspnoea are marked symptoms. Jugular pulsation is mentioned by 
Thompson. 

Palpation — nejrative. 

Percussion. Hyi)ertrophy of the right heart, of moderate degree. 

AMScultafion. The lesion should be evidenced by a diastolic mur- 
mur of maximum intensity in the second left intercostal space. The 
corresponding nuirmur of aortic insufficiency theoreticaly centers on 
the opposite side of the sternum, but in fact the differentiation by 
position is impracticable and in any case is extremely difficult. The 
rarity of the one contrasted with the fre<]uency of the otliei* afforda 
ample grounds for error if not for excuse. 

The strongest differential point is that the vascular phenomena 
accompanying aortic in.sulficien<*y, are abscMit in the pulmonary disease. 

Pulmonary stenosis, also congenital, is caused by union of the 
valve segments. Cases are occasionally encountered in which vegeta- 
tions are the cause of both insufficiency and stenosis (Snattuek). The 
c<mgenital castas are associated with compensatory lesions of the for- 
amen ovale or ductus Rotalli, or imperfect ventricular septum du<^ 
to arrest of development. 

Inspection : Negative. 

Palpati^tn. There may be a thrill in the second left intercostal 
space. 

percussion. Slight enlargement of right heart. 

Auscultati(n\. There should be a systolic nuirmm* with point of 
greatest intensity to the left of the sternum in the st^eond int(»rspac(\ 

This murnun' is not transmitted into the ves.sels of the neck. The 




PLATE XVI. 
Mitral and Tricuspid Systolic Murmurs. The "Hour-Glass" Murmer. 
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pulmonary' second sound would be absent or replaced by a diastolic 
murmur, since incompetency is necessarily associated. 

The differentiation from the murmur of aortic stenosis presents 
difficulties. The left-sided hypertrophy is absent in the pulmonary 
form. 

ORDER OF FREQUENCY OF THE SIIVIPLE AND THE COM- 
BINED CARDIAC LESIONS. 

Statistics differ materially as to the order of frequency of both 
simple and combined lesions. The following order is as nearly correct 
as available fiprures permit: 

1. Mitral incompetency. 

2. Aortic incompetency. 

3. ]\Iitral stenosis. 

4. Aortic stenosis. 

5. Tricuspid stenosis. 

The claim of mitral incompetency to supremacy is undisputed. 
Aortic incompetency and mitral stenosis are practically equal in fre- 
(juency, and the same may be said of the two forms of tricuspid disease. 
Of double murmurs, heard at the same orifice, the mitral lesions are 
more frequent than the double aortic murnmrs. 

The combined lesions occur in the following order of frequency: 

The mitral and aortic segments are most often affected together. 

Next in frequency is the combination of mitral and tricuspid 
lesions ; then of aortic, mitral and tricuspid. 

In children the most common combination is mitral insufficiency 
with aortic insufficiency. In adults mitral insufficiency with aortic 
stenosis and insufficiency is perhaps the oftenest found combination. 

The following order is taken from the statistics of F. J. Smith: 

1. Aortic incompetency and stenosis: Mitral incompetency. 

2. Aortic stenosis and mitral incompetency. 
Aortic incompetency and mitral incompetency. 
Equal. 

4. Aortic incompetency and stenosis; mitral stenosis and in- 
competency. 

5. Mitral incompetency and tricuspid incompetency. 

6. Aortic incompetency and stenosis : mitral incompetency, tri- 
cuspid incompetency. 
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CONGENITAL CARDIAC DEFECTS. 

Two causes are recognized: arrested development and foetal 
endocarditis. 

Acardia, double heart, dextro-cardia and malposition of the heart 
are pathologic curiosities. Defective auricular or ventricular septum 
is more common. When the opening is very small or slit-like little 
harm seems to result. Patent foramen ovale, imperfect septum and 
persistence of the ductus arteriosus Botalli each exists alone or com- 
bined with stenosis of the pulmonary valve. Patent foramen ovale is 
sometimes found post-mortem when the defect has been unsuspected. 
Peacock states that the most frequent conditions are : 

1. Stenosis and atresia of the pulmonary valve, the pulmonary 
artery and the right conus arteriosus. In 181 congenital cases he 
found one or the other in 119. 

2. Defective auricular septum. 

3. Defective ventricular septum. 

These may exist alone, but are more frequently associated with 
pulmonary stenosis, perforate foramen ovale, and patulous ductus 
Botalli, in the order named. 

4. Congenital lesions of the tricuspid orifice, pure or associated. 

5. Persistency of the ductus arteriosus. 

When existing alone, may be found at an advanced age. 

6. Congenital narrowing of the aortic orifice. 

7. Congenital narrowing of the mitral orifice. 

The number of valve segments is sometimes increased or dimin- 
ished. Increased pulmonary and deficient aortic leaflets occur oftenest. 
Two segments may be fused, in which case thickening as a rule co- 
exists. Bicuspid aortic valve has been oftenest noted. The tendency 
to valvular disease later in life is increased by these defects. 

Foetal endocarditis leads to sclerosis and thickening of the edges 
and to shortening of the chordae tendineap. In some cases the results 
resemble a perforate diaphragm, especially in stenosis of the pul- 
monary valve. The valve may be rough or perfectly smooth. Smooth- 
ness is taken to indicate imperfect development. Roughness indicates 
endocarditis. The subjects often die of tuberculosis. Defective sep- 
tum may be associated. Congenital aortic defects are less frequent 
than pulmonary lesions. 

Symptoms. The most striking symptom of congenital defect of 
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the heart is cyanosis, which appears soon after birth and is permanent. 
It may be of slight grade, affecting only the lips and linger tips, ears 
and toes, and only come on after crying; or it may be of high grade, 
the entire body exhibiting a bluish or purplish lividity. Clubbing of 
the fingers and toes is usual and extreme and the nails sharply curve. 
Cough and dyspncea, both increased by slight exertion, are generally 
present. A systolic murmur heard over the auricles and absent at the 
base indicates the li^sion. In congenital pulmonary stenosis the second 
pulmcmary sound is abnormally weak or absent. 

DISKASKS OF TllK MYOCARDICM. 

Atrophy of the heart is the reverse of hypertrophy. Diminution 
in the size of the heart keeps pace with diminished need. It is con- 
genital or accpiired. Wasting diseases and old age are causes of the 
acquired form. The wasting which accompanies phthisis is a well- 
known example. 

Physical Si(jns. Weakened impact, usually invisible, small weak 
pulse, diminished cardiac area. In estimating the latter the influence 
of emphysema, so often present in old age, nuist be kept in mind. The 
sounds are generally weak but may be otherwise normal. In phthisis 
the second pulmonary sound is accentuated desj)ite the atrophy. 

HYPERTROPHY AND DILATATION. 

Cardiac enlargement occurs in three forms: 

1. Simple hypertrophy, in which the walls are thickened without 
any change in the size of the cavities. 

2. Hypertrophy with dilatation ; dilatation with hypertrophy or 
excentric hypertrophy, in which both dilatation of the cavities and 
thickening of the walls are present. 

3. Simple dilatation, or dilatation of the cavities with thinning 
of the walls. It is manifest that if the walls are stretched, they must 
thin. 

The weight of the heart has been given. The normal thickness of 
the left ventricle is from one-third to one-half inch ; the right ventricle 
from one-sixth to one-fourth of an inch ; the auricles are about a line 
in thickness. 

The thickness of the left ventricle has been known to reach an inch 
and a-half, the right, three-fourths of an inch in thickness. The* 
auricles may double their normal thickness in extreme eases. 
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The weight of the heart in these cases varies from fifteen to 
twenty-five ounces, except in such extreme cases as follows: Stokes 
reports a heart of sixty-four ounces ; Alonzo Clark, one of fifty-seven 
ounces; Beverly Robinson, one of fifty-three ounces. 

Independently of cardiac valvular lesions there is a small group 
of hypertrophies and dilatations which deserves notice. They are 
sometimes designated as idiopathic, as opposed to the hypertrophy 
caused by valvular diseases. Either the hypertrophy or the dilatation 
may be primary, but eventually the one condition brings about the 
-other, hence ultimately they co-exist. 

Causes, Increased labor and increased intracardial pressure. 
The part affected depends on the part called upon to bear the strain. 
Mechanical obstruction to the circulation, if produced suddenly, brings 
dilatation, if brought about gradually, hypertrophy supervenes. The 
left ventricle is primarily affected in those conditions in which the 
impediment is in the general arterial circulation. Such are arterio- 
sclerosis, increased intra-thoracic pressure. A moderate degree of 
hypertrophy exists during pregnancy, according to Larcher. Immod- 
erate athletic exercise, continued use of alcohol, particularly beer 
(Striimpcll), and all forms of Bright 's disease. The right ventricle 
is primarily affected when the causes are chiefly the outcome of im- 
peded pulmonic circulation, and is affected secondarily in diseases 
which have produced the same condition in the left heait. We are 
of the opinion that also associated action and nerve supply is responsi- 
ble for a considerable amount of concurrent hypertrophy in these cases 
as well as in valvular diseases. Nerve and nmscle fibers are in large 
part common to both hearts and ability to disassociate their work must 
needs be an acquired function. 

Kight hypertrophy is seen as a result of undue muscular exercise 
in athletes and soldiers (Da Costa). 

The lung group embraces emphysema, cirrhosis, phthisis with 
consolidation, and pleuritic adhesions. Yet left hypertrophy quite as 
often as right exists in these cases. 

Hypertrophy of the heart as a whole is due to associated causes, 
those which call for increased work of both sides: Exophthalmic 
goitre, certain diseases of the nervous system, excessive use of cardiac 
fltimulants, — ^tea, coffee, and alcohol, — pericardial adhesions, as as- 
isierted by Quain, independent of valvular diseases. Sometimes 
pericarditis is the cause of extreme dilatation without hypertrophy. 
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In cases where dilatation exceeds hypertrophy, some form of myocar- 
dial degeneration generally will be found to co-exist. 

Sudden death with acute dilatation in infective diseases, and 
death occurring after slight exertion during convalesence, are probably 
so caused. The dilatation found in old alcoholics and in cases of wide- 
spread arterio-sclerosis is associated with fatty infiltration, fatty 
degeneration or fibroid overgrowth. Dilatation which supervenes 
upon hypertrophy in valvular diseases is probably due to the prone- 
ness of the hypertrophied muscle to undergo degeneration. 

Simple dilatation is most often observed in the auricle and the 
right ventricle. 

Symptoms and Physical Signs, As long as the balance is main- 
tained between the two conditions few symptoms present themselves. 
There may be some dyspnoea, and vascular throb may be present in 
the neck. In failing compensation the vascular phenomena described 
under cardiac lesions supervene, venous repletion and congestion of 
the various organs. Headache, giddiness and palpitation are frequent. 

Inspection. Precordial bulging, especially in children, cardiac 
impulse displaced outward and lowered to the sixth or seventh inter- 
space. Dilatation is indicated by the diffused, wav\% uncertain stroke. 

Palpation. The impulse may be double, one systolic, one diastolic. 
Pulse regular, full, tense in hypertrophy; w^eak, irregular and more 
frequent in dilatation. 

Pcrcussian shows area of increase. 

Atiscultation. In hypertrophy the first sound is dull, heavy, 
prolonged and sometimes reduplicated. Laennec called attention to a 
click, sometimes heard in the young. 

In dilatation the quality of the first sound approaches that of the 
second, the pause shortens and we have a simulation of the foetal heart 
sounds, called by the French, embryocardia. Frequently the canter 
rhythm, or bruit de (jalop, is present. Murmurs are absent unless the 
condition results in vaK^ilar incompetency. 

Diagnosis. Four points are insisted upon : 

Increased area. 

The heaving or diffused impulse. 

Absence of murmur. 

Character of the sounds. 

Acute myositis, abscess of the heart, aneurysm of its walls, fatty 
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changes, acute myocarditis, give rise to no distinctive signs in them- 
selves, but may bring about results which are recognizable. 

Fibroid heart (myocarditis) is followed by a train of symptoms 
due to the resulting dilatation and venous congestion. It is usually a 
part of endocarditis. Its physical signs are those of dilatation. A 
variable and unstable mitral murmur may be present without accentu- 
ation of the second pulmonic sound. 

ACUTE ENDOCARDITIS. 

Definition, Inflammation of the lining membrane of the heart. 
The valves are usually involved, though the lining membrane of the 
cavities and the chorda^ tendinea? may be affected alone. That the 
latter condition is not as rare as might be supposed is proved by the 
statistics of the Royal College of Physicians, in which series of cases 
the walls were affected 38 times in 209 cases. 

It is usual to distinguish two varieties of the disease, a simple 
and a malignant form, but in reality the distinction is one of degree 
rather than of anatomical difference. 

Simple or benign endocarditis always arises in the course of some 
other disease. Rheumatism plays the chief role, with pneumonia 
second. Tonsillitis and scarlet fever are liable to the complication. 
Other infectious diseases less frequently show it, but the possibility 
of its occurrence as a late complication must not be forgotten. Attacks 
during the course of phthisis are not rare. The causal relationship of 
chorea to endocarditis in early life can not be denied, and a larg(^ 
proportion of patients who have been afflicted with the former carry 
the lesions of the latter malady. 

The malignant type may exist as an indei)endent disease, but 
secondary forms are more usual. In infective diseases, pneumonia and 
kidney diseases the malignant variety is prone to occur. 

While in rheumatism, as in pneumonia, the benign type is oftenest 
met with, yet the malignant form is not rare in either disease. 

Septic infective diseases furnish a proportion of the cases. 

Symptoms. Simple endocarditis gives rise to no distinctive symp- 
toms or physical signs. In the course of inflannnatory diseases in- 
creased rapidity and irregularity of the heart's action and increased 
fever without assignable cause are suspicious. 

A murmur at the apex may develop but its presence does not 
indicate the disease, nor does its absence mean exemption. The stu- 
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dent must free his mind of the widespread fallacy that heart aflfections 
must needs be attested by murmurs. 

The malignant form is manifested by rigors, sweats, irregular or 
intermittent fever, delirium and signs of septic infection, which are 
in no way distinctive of heart involvement. Another type is the 
typhoid, which is self-explanatory. 

In persons known to have chronic valvular lesions, symptoms sim- 
ilar to the above should excite grave apprehensions of a recurrent 
endocarditis. Embolic symptoms often occur and aid the diagnosis. 
The disease is perhaps most often mistaken for typhoid fever. Widal's 
reaction excludes the latter. 



SECTION XI. 

THORACIC ANEURYSM. 

An aneurysm is a more or less circumscribed dilation of an 
artery. The dilation may include all the coats of the artery, or it 
may be that one or two coats having yielded or ruptured, the remaining 
part dilating thus forms a blood sac which communicates with the 
parent vessel. 

A convenient division of these lesions is into internal, or medical, 
and external, or surgical, aneurysms, which classification is self- 
explanatory. 

Aneurysm of the thoracic portion of the aorta is by far the most 
frequently met with among aneurysms, since aneurj'sms of the 
aorta follow the same law as does sclerosis with regard to situation, 
viz., the nearer the heart the greater the pressure, hence the greater 
the liability to aneurysm. For this reason they are oftenest found in 
the ascending portion of the arch, which is the subject of attack five 
times as frequently as the abdominal aorta; then in the transverse 
And descending portions, where they occur three times as often as in 
i^he abdominal vessel. For the same reason they are found on the 
convexity of the arch, rarely on the concave side. 

Anatomy. The aorta lies in the middle mediastinum. It arises 
from the base of the left ventricle, behind the left margin of the 
isternum, opposite the lower border of the third left costal cartilajre. 
This point corresponds to the body of the fifth dorsal vertebra. It 
passes upwards, forwards and to the right, between the superior vena 
cava and the pulmonary arter>% as far as the right border of the 
sternum, beyond which it does not project, and as high as the second 
costal cartilage. Its breadth is 28 m. m. At the point given it arches 
upwards, backwards and to the left, winding around the trachea to 
reach its left side, whence it passes to the left side of the lower border 
of the fourth dorsal vertebra, where it becomes the descending aorta, 
which ends at the opening of the diaphragm. The trachea lies first 
behind the aorta, then to its right side, within the curve of its arch. 
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Bifurcating at the lower border, the left bronchus passes beneath the 
arch. The left phrenic and pneumogastric nerves pass in front of the 
arch; the left recurrent laryngeal winds under it; the right pneumo- 
gastric passes behind it. The oesophagus lies behind the arch at first, 
between the trachea and the border of the vertebrae, then to the right 
of the descending aorta. 

Inspection in the early stages reveals nothing. Sooner or later, 
however, a fullness is apparent over the anterior portion of the chest 
above described, varying with the seat and size of the tumor. It may 
be merely a fullness, or it may be a prominent elevation of one or more 
ribs, the inner end of the clavicle or of the sternum. The bulging most 
frequently occurs to the right of the sternum in the second or third 
interspaces, or even as high up as the end of the clavicle if the tumor 
be of the ascending limb, or lies behind the manubrium, when the 
transverse arch is affected. Tumors of the descending arch may cause 
bulging to the left of the sternum, but are less likely to do so until they 
have attained a very considerable size, owing to the greater depth of 
the descending portion of the structure. 

Palpation reveals an area more resistant than the surrounding 
region, and a distinct pulsation may be communicated to the super- 
imposed finger-tips which seems to come from beneath. In advanced 
cases this impact gives the sensation of dilation or expansion of the 
tumor mass ; at other times a sensation which is best described by the 
word ** heaving. '^ It is almost synchronous with cardiac systole, but 
is differentiated from the heart by its character and locatifm. It may 
be feeble, or may seem stronger than the heart-beat itself. Its location 
is directly behind the sternum opposite the second interspace, or is 
felt in the second interspace, either to the right or to the left of the 
sternum, being a little lower on the right side than on the left. In 
case calcification of the sac has taken place this expansile impact is 
wanting, as the elasticity of the sac is thereby destroyed. Where a 
laminated clot partially fills the sac the same observation applies in 
varying degrees; but in both cases impact often remains. 

Percussion reveals an area of dullness corresponding to the en- 
largement. Its situation is that of the aorta, and lies higher than the 
base of the heart, from which it is sometimes separated by a narrow 
isthmus. 

Auscultation. Sometimes nothing is heard over the tumor except 
the transmitted heart sounds. Both sounds may be heard, or only the 
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first sound, which is then generally accentuated and prolonged. 
Careful comparison should })e made with the sounds heard over the 
apex beat as to the time and duration of the aneurysmal sounds. Two 
other sounds are intimately associated with aneurysm, and while their 
presence means much their absence does not indicate that the tumor 
is not aneurysmal. These sounds are the thrill, which is more apt to 
be present when the vessel is the seat of extensive atheroma ; and the 
bruit, which is the name given to the w^hirl of blood within the dilation 
or sac. This sound, which is the one most commonly heard over an 
aneurysm, is synchronous with systole, generally single, and is of short 
duration. 

The most positive single sign, therefore, of aneurj'sm, is an impact 
or pulsation within the above-described area, which is independent of 
the heart and which is accompanied by its own sounds. These sounds 
are superficial in character, unlike those produced by a new-growth 
pressin*? downward from the surface upon the aorta, in which case also 
a deep-seated murmur may be heard over the course of the aorta. 

Fluoroscopic exmanination and radiographs often make certain 
the diagnosis of aneurysm when the physical signs fail to reveal its 
presence, as noted in Section XVII. This is especially the case when 
clot, partly obliterating the sac, modifies, or causes to disappear most 
of the auscultation signs; whereas the solidification renders the tumor 
more apparent in the radiograph. 

Pressure Sijynptoms. There is but little unoccupied space within 
the chest, and any enlargement, whether it be of existing organs or a 
new-growth, is sure to trespass upon some of its neighbors and give 
rise to pressure symptoms. The diagnostic value of this symptom 
group will be appreciated when we consider Bramwell's ornate classi- 
fication of aneurysms into three groups : — aneurj'sms which are latent 
and give no physical signs; aneurysms which present signs of intra- 
thoracic pressure, but not sufficiently definite to determine the nature 
of the lesion ; aneurysms which produce distinct tumors, physical signs 
and pressure-symptoms. 

From their nature and situation, aneurysms of the arch are most 
prone to press upon the trachea, giving rise to dyspnoea, cough and 
shortness of breath. The, cough has a peculiar ringing quality which 
may be mistaken for chronic affection of the larynx. It may be dry, 
or may be accompanied by profitse watery or muco-purulent expec- 
toration, by rales and other signs of bronchitis. The voice may be 
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^tridulous, hoarse and croaking, and the sentence often ends in a pecu- 
liar gasp. Both inspiration and expiration are equally affected. If 
the oesophagus be pressed upon, we get dysphagia. Inequalities of the 
two radial pulses are not infrequent, due to pressure upon the sub- 
*clavian. Sometimes inequalities of pupils are noted. These signs may 
be present in case of mediastinal new-growths, but in such case the 
pulsation is absent. Furthermore, aneurysm is by far the most com- 
mon intra-thoracic tumor. (Symptoms caused by mediastinal growths 
-are considered in a separate paragraph.) 

Pain is a prominent and frequently an early symptom. At first 
the pain may be fugitive but gradually becomes more and more con- 
stant and vanes in intensity and character with the structures pressed 
upon. Violent, recurrent pains within the thoracic cavity, especially 
if shooting up into the neck and arms, or pain of a boring character, 
should excite the suspicion of aneurysm. Men are much more fre- 
quently attacked than women, and the selective age is between 35 
and 45 years. 

Aneurysyns of the Ascending Portion of the Arch. Aneurysms 
of this portion of the arch may push the heart downwards and to the 
left. They involve most frequently the right recurrent laryngeal 
-nerve, the vena cava superior, sometimes the inferior cava, or the 
right subcla\dan vein. The result of such involvement is widespread 
^oedema. The innominate arterj^ usually escapes. 

Aneurysms of the Transverse Arch. These tumors (Xjcupy the 
middle line or project to the right much more often than to the left. 
They involve the trachea, left laryngeal nerve and the innominate 
.artery. The radial and carotid pulse may be absent. They may 
■attain enormous size, projecting into the sternal notch. The pressure 
symptoms vary but correspond nearly to those given. The pupils may 
be at first dilated, but later contracted or unefpial. 

Aneurysms of the Descending Portimi of the Arch. The sac pro- 
jects backwards and erodes the bodies of the thoracic vertebrae, or the 
tumor appears under the left scapula. It gives rise to an area of per- 
•cussion-dullness in the left spinal gutter, from the third to the sixth 
-dorsal vertebrae. Dysphagia is common. 

Aneurysms of the Descending Thoracic Aorta. These occur gen- 
•erally just above the diaphragm. Such a tumor is more difficult of 
-detection than aneurysm of the arch, because the majority of the 
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pressure symptoms are absent and, by reason of its deeper seat, pulsa- 
tion can not be detected nearly so early. 

The pain is usually of a gnawing character, due to absorption of 
the bodies of the vertebrae. This is one of the most characteristic symp- 
toms. So situated, the growth may simulate lumbago, intercostal 
neuralgia or back-ache ; the latter, especially in women, is an ailment 
so common as ordinarily to excite little notice. 

Aneurysm of the Innominate Artery, An aneurysm of the trans- 
verse portion of the arch may involve the innominate and left common 
carotid, but the innominate is sometimes aflfected alone. Here the 
tumor is situated above the second interspace and behind the sterno- 
clavicular articulation. Most of the pressure signs described are ab- 
sent. Compression of the subclavian and right common carotid, made 
with the fingers on the aflfected side diminishes the pulsation in the 
tumor. 

SPECIAL DIAGNOSTIC SIGNS OF ANEURYSM. 

The Tracheal Tug. This sign was pointed out by Surgeon Major 
Oliver, U. S. A., is frequently present and is a most valuable sign. 
Place the patient with the head bent slightly forward to relax the 
tissues of the neck. Draw the cricoid cartilage upwards with the 
thumb and finger sufficiently to gently stretch the trachea. At each 
heart-throb a distinct downward movement of the cricoid (tug) will 
be felt and often seen, synchronous with the systole. The tugging is 
strongest when the growth presses against the left bronchus. The sign 
is especially apt to be obvious when the aneurysm aflfects the trans- 
verse portion of the arch, j)articularly its posterior part, and is said 
to be absent in aneurysm of the innominate, thus serving to diflPer- 
entiate the two conditions. The anatomic relations given make clear 
the reasons of its production. It may be the sole sign of the malady^ 
and should therefore always be searched for. It is sometimes present 
comparatively early in the disease. 

H. L. Smith directs attention to a sign which he has found to be 
present in several cases. * * This sign is elicited by combined palpation 
and percussion as follows: The cricoid cartilage is grasped as is done 
for tracheal tugging, while an assistant percusses the chest. When 
normal parts are percussed the palpating hand feels a distant, feeble 
jar (proximal ends of the clavicles excepted), but so soon as the 
aneurysmal area is reached, a shock which is both direct and resilient 
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in nature is felt, somewhat suggestive, as I take it, of the sensation 
experienced by one when a rubber bag filled with water is simulta- 
neously palpated and percussed.*' 

In the one opportunity afforded me since seeing the above, I have 
been able clearly to elicit the sign. 

Special Symptoms. Pain is characteristic of the disease. Gtener- 
ally constant, it is however subject to severe exacerbations, due to 
pressure exerted directly on nerves or to stretching of the nerve fila- 
ments of the sac. Shooting and darting pains over the involved area, 
or over a considerable portion of the chest, the neck, the occiput and 
down the arms, especially the left, to the finger-tips, denote pressure 
on contiguous structures ; while unremitting dull, boring pain denotes 
that erosion of bone is taking place. This applies especially to tumors 
of the descending limb, in which the vertebrae are transgressed upon. 
Aneur>'sins involving the transverse portion of the arch produce the 
severest pressure symptoms, because of the narrowness of the antero^ 
posterior diameter of the chest and the important structures in inti- 
mate relation with this division of the arch, which are readily com- 
pressed as soon as the growth attains any considerable size. Growths 
of the descending aorta may cause pain in the intercostal spaces which 
is liable to be mistaken for neuralgia. Aniesthesia of the skin fre- 
quently accompanies this pain. 

Dyspnaa is due to pressure upon nerve trunks, vessels, lung, 
bronchi or trachea, and is not necessarih in proportion to the size of 
the tumor. It is least when the pressure is directly exerted upon lung 
substance, when physical signs of consolidation and collapse of pul- 
monary tissue may co-exist with only slight dyspnoea. On the other 
hand, pressure upon the trachea or on one bronchus will <K*casion 
severe dyspncea, amounting to orthopnoea. Such pressure is indicated 
by noisy, stridulous breathing, loud clanging cough and expectoration. 
Various rales, from retained secretions; imperfect expansion of the 
affected side; diminished tactile fremitus; feeble or absent breath 
sounds, with slight fever are noted on examination, and may suggest 
phthisis, as pointed out by Hanot. 

Sudden and severe paroxysms of dyspnoea, due to increase of 
pressure when the sac distends; asthmatic seizures resulting from im* 
plication of the vagus, particularly the recurrent laryngeal branch, 
are common phenomena and may suggest angina pectoris. (Pepper 
holds that true angina may be associated.) 



234 THORACIC ANEURYSM 

Laryngeal symptoms are common, such as spasm of the larynx, 
dyspncpa and stridor, or paralysis of one or both vocal cords, with 
husky or whispering voice, or aphonia. Pressure on the left recurrent 
laryngeal nerve causes most of these alterations, viz., imperfect vocal- 
ization, aphonia, hoarseness and varying degrees of paralysis of the 
vocal cords. Pressure on the right side of the trachea does not affect 
this nerve, and therefore aphonia and dysphagia are absent although 
the voice may be strident (Tufnell). 

Cough. The cough is apt to come on in paroxysms, and is loud, 
brassy, stridulous or ringing. In an impressive case recently seen the 
patient could only phonate with inspiratory gasps. During the attacks 
the cough was stridulous but ringing, dyspnoea intense, yet with inter- 
vals of relief. The case was verified by autops>\ 

Dysphagia is a rarer symptom, but occurs especially in cases of 
aneurj'sm of the descending division, exerting pressure on the 
oesophagus. 

Alterations of the pupils are frequently concomitant; dilatation 
occurring when the cervical sympathetic ganglia are irritated by slight 
pressure, contraction intervening when the pressure causes paralysis. 
Hence dilatation is an early symptom; contraction a late one. The 
phenomenon is limited to the affected side. When exophthalmos occurs 
it is usually bi-lateral. Unilateral sweating, local areas of flushing, of 
anaesthesia, paleness, or coldness of the skin are occasionally en- 
countered. 

Congestion, cyanosis and particularly oedema result from pressure 
on the superior vena cava and are frequent. It may affect the head 
and neck, or be limited to one pectoral or one arm. Such oedematous 
or spongy masses occurring at the base of the neck, above the clavicles, 
have been termed *'the collar of flesh'', and are unmistakable. 

Pulse, A very old, yet ver>' valuable, sign of aneurj'sm is alter- 
ation in the pulse, causing delay in the pulse wave or even total obliter- 
ation. The sign is valuable owing to the ease and certainty with which 
it may be tested. Thus, in health the two radial pulses are synchro- 
nous, but in aneurysm affecting the innominate arterj*^ the right pulse 
may lag, while one affecting the left common carotid and subclavian 
will cause the left pulse to be retarded. The retardation may be ex- 
plained by the temporary interruption of maintained pressure in the 
blood current, on reaching the empty sac, which acts as a miniature 
reservoir, and the resumption of pressure as soon as the sac is dis- 
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tended. Narrowing of the exit from the sac would also cause delay 
by retarding the blood exit. 

The accentuation of the aortic second sound so often noticed in 
cases of thoracic aneurysm is due to the augmented back-flow of blood 
against the semilunar valves. The increment to the wave being derived 
from the aneurysmal reservoir. 

Differential Diacpiosis. New-growths situated in the mediasti- 
num, enlargements of the heart, effusions into the left pleura causing 
upward displacements of the heart, may be mistaken for aneurysm. 
In aneurysm the tumor is above the base of the heart and the area of 
dullness caused by its presence is often separated from the heart by 
intervening lung or joined to it by a narrow band. Its auscultation 
sounds are separate from those of the heart and possess different 
qualities. Effusions, while lifting the heart upward, are not accom- 
panied by bruit or thrill ; the heart sounds are feeble and distant, the 
apex displaced. New-growths give rise to pressure symptoms but 
other signs are absent. 



SECTION XII. 

EXAMINATION OF THE BLOOD. 

Recent advances made in our knowledge of the causes of disease 
have been due not a little to the study of the blood. The blood changes 
which accompany disease are of such momentous import, and their 
recognition contributes so much of inestimable value to the field of 
diagnosis, as well as to prognosis and cure, that it is the duty of every 
physician to be able to recognize these departures from the noi-mal, 
and to interj)ret their significance. 

The present chapter will consider only the more commonly oc- 
curring changes and those which fall within the province of the 
general practitioner, omitting such investigations as require unusual 
and costly apparatus or the privileges of a well-e^iuipped laboratory. 

Normal Blood Elements, By i)roper manipulation the blood may 
be readily separated into a clear fiuid, the plasma, and the solid or 
corpuscular constituents. Those are the red corpuscles, or erythro- 
cytes, the colorless corpuscles, or leucoc^'tes, and the colorless discs, or 
blood-plaques of Bizzozero. 

Place a drop of blood on a glass slide, cover and examine with 
the microscope. The red corpusc^les form rouleaux, and tlieir color is 
pale gre(»nish-yellow. Their average diameter 7.;") fi. The rouleau ten- 
dency diminishes when their number is below normal. Red cells, larger 
than normal (diam. J).;*) to 12.) are called macrocytes or n»egalocytes. 
those* smaller than normal are called microcytes (diam. l^.") lo H) while 
those of irregular shape are called poikilocytes. Thesi» may inanifi»st 
motility. The leucocytes are seen here and there in the spaces between 
the red rows. Staining shows them to be nucleated and generally gran- 
ular, irregular in shape, larger than the red cells and capable of loco- 
motion. Their varieties will l>e considered later. 

hi addition to the above elements the student should st»arcli care- 
fully for abnonnal constituents, both within and without the cells, 
such as pigment granules, malarial organisms, filaria, spirocluetc^s and 
other parasites. 
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A material increase of any particular cell-element is spoken of as 
— 'osis, hence the term leucocytosis, microcytosis, etc. Microcythaemia, 
me^alocythaemia, etc., have the same significance. 

To give a detailed description of the various cells found in the 
blood in disease were impossible within the limits of this brief treatise, 
€«id would serve a less useful purpose than the accompanying classi- 
fication with attached nomenclature. 

The Red Corpuscles. The red cells are circular, bi-concave discs 
of greenish-yellow color and non-nucleated. The average diameter is 
7.5 fi. The center being thinner than the rim is therefore lighter 
colored. Abnormal pallor can be detected by practice. There is less 
variation in the size and shape of the red than of the white cor- 
puscles. Moving cells are seen to change their shape, like elastic bags. 
Macrocytes are probably regenerative cells; microcytes, degenerative. 

The name poikilocytes was given by Quincke to irregular forms 
sometimes seen elongated, balloon-shaped, rod-like, which occur in 
severe amemias and in chlorosis. Crenation, which occurs upon the 
slide, is the ameboid motion with change of shape, and is outside 
poikiloc>i;osis. The absence of the rouleau tendency is sometimes 
noticeable, and is seen in pneumonia, hepatic diseases and nephrins. 
Polycytha^mia is an actual increase in the number of red blood cor- 
puscles. It is relative when due to a diminution of the plasma, as in 
diarrhoeas and ascites. The opposite condition is known as oligocy- 
thfemia and occurs in the anaemias, septicaemia and all wasting diseases. 

Normal red cells show little affinity for dyes, differing in this 
respect from the white cells. In disease, red cells which accept stains 
are met with, also cells not normally present in health but seen in dis- 
ease, as the microcytes and the megalocytes which stain readily. 
Staining with methylene blue shows the granular nature of diseased 
and degenerated red cells. Cells containing such granules occur in 
pernicious anaemia, malaria, the leukaemias, and lead poisoning. In 
the last they are very constant, and, in the absence of the other condi- 
tions, saturnism should be suspected. 

Xuoleated red cells are found in the foetus and immediately after 
birth, and at all times in the bone-marrow. Three varieties are 
described : 

(a) Normoblasts. 

(b) Megaloblasts and 

(c) Microblasts. 
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The first is a developmental form of the normoej-te. In other 
words it is an immature red blood corpuscle. Megaloblasts. cells of 
10 ft or over, occur only in disease. They are not found in healthy 
marrow. They are seen in anaemias due to intestinal parasites, in 
grave anaemias, especially when pernicious. Ehrlich considers their 
occurrence as prognosticating death, except in parasitic ana?mia. 
Microblasts are rarer than the above, they are of small size, 
imperfect form and their import equally serious. Both forms seem to 
indicate a return to the foetal type of blood. 

The following terms are used to describe the behavior of all cells 
towards the various dyes employed : 

Basophilic, having an affinity for basic dyes. 

Achromatophilic, no affinity for dyes. 

Oxyphilic, having an affinity for acid dyes. 

Polychromatophilic, an affinity for both basic and acid dyes. 

Neutrophilic, having an affinity for neutral dyes. 

Eosinophilic, having an affinity for eosin stain. 

Chromotrophic elements are stained a ditVeront color from that of 
the dye, as when violet dyes stain red. 

The White Corpuscles, or leucocytes, are colorless cells. They 
are generally larger than the red bodies, more irregular in shape, are 
nucleated and much fewer in number than the red cells. From their 
composition they are divided into granular and non-granular varie- 
ties, or may be classified as mono-nuclear and poly-nuclear forms. The 
larger varieties, especially the coarse granular cells, are actively ame- 
boid, the small mono-nuclear variety is devoid of ameboid move- 
ment. 

Classified in accordance with their origin, two groui)s may be 
distinguished : 

I. Those from the bone-marrow, the myelogenous gi-oup, and 

II. Those from the adenoid tissue, the lymphogenous grouj). This 
second group comprises the lymphwytes of all sizes. 

The fii'st group includes the following: 

(a) Polymorphonuclear neutrophiles. 

(b) Eosinophils, 

(c) Mast cells, 

(d) Large mononuclear cells of Ehrlich. 
The forms of group I are not transitional. 
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♦LEUCOCYTES. 

Classification according to structure 
and behavior towards dyes, 
f Mononuclear. 
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Varietiks. 



(iRANULAR 

Variktihs. 



Little or no 
a mo hoi d move- 
men t ; m a n y 
contain one or 
two peripheral 
granules. 
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I. 
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p () 1 \ 111 () r p ho - 
nmlfar. 

Ph aiioc V t rs. 
artivf,amel)oid 
motion. 
Nfutrop hi lie, 
basophilic, oxy- 
philic. 



Mononuch-ar. 
Granular colls. 



Small lymphocytes derived from adenoid tissue. V'ary 
in size from smaller than a red blood corpuscle to 
considerably larger. Mononuclear, both nucleus 
and protoplasm basophilic. Outline smooth or 
irrejfular. In adults. 20 to 30 per cent, of total number 
of Irucocytes; in infants, 40 to 60 per cent. 

Laru'e lymphocytes, large mononuclear leucocytes, 
derived from bone marrow and spleon. Two to three 
times the size of red blood corpuscle. Large, single 
nucleus; both nucleus and protoplasm basophilic. 
Outline irregular, oval. Surrounded by broad zone 
of protoplasm. Form from 4 to H per cent, of total 
number. 

Polyiiuclear nutrophilic leucocytes. 

Polymorphonuclear neutrophilic leucocytes or 
phagoc>tes. .-Xbout same sizt* as No. 2. Nucleus 
floiik'ntfd, twisted, broken, (iranules* embedded in 
protoplasm stain with neutral dyes (neutrophilic). 
Protoplasm proper stains with acid dyes. Most com- 
mon of all h'ucocytes. b2 to 70 per cent, of total 
leucocNtes. Derived from neutrophilic myelocvte 
(Ehrlich). 

Polynuclear oxyphilic leucoc\te.s. same as No. 3. except 
embedded protoplasm stains with acid dyes, or eosin^ 
hence also called polynuclear eosinophilic leuco- 
cytes. I to .1 per cent, of total or about «.o to 200 per 
c. c, of blooG. 

Polynuclear basophilic leucocytes, mast cells, size 
ai)out same as Nos. 3 and 4. In disease hi/e may 
reach 22 micro-millimeters. Embedded grains of 
protoplasm, different si/cs. stain only with liasicdyes. 
Nucleus pol> morphous. Rare. Never exceed 0.5 
per cent. 

M\elocvtes. Mononuclear neutrophiles, granular cells 
t)f the bone marrow. *' Intruders,'' occasional occur- 
rence, border cell between physiologic and patho- 
logic conditions. (Starvations and various intoxica- 
tions.,' .Are derived from large Ivmphocytes (2) and 
develop into the polvniiclear leiicocNtes (3) are never 
normalU found in the circulation. .-Xccording to action 
with dves. are neutrt)philic, eosinophilic or baso- 
philic, all with single, large nucleus, surrounded with 
protoplasm. Diameters 10-20 micro-millimeters. 



The protoplasm of normal leucocytes is stained uniformly bright- 
yellow by iodine. In diseases in which pus is a product of the disease, 
or in which the infection or intoxication is due to some form of bac- 
terial invasion, as in typhoid fever and pneumonia, the granular pro- 
toplasm is stained brown by the reagent. This was announced a few 
years ago by Kaminer. Later, Wolff announced that the reaction was- 
due to the presence of glycogen and occurred irrespective of disease. 
Hirschberg has confirmed Wolff's work and the staining can no longer 
be regarded as significant. The polymorphonuclear neutrophiles best 
show the reaction, while the eosinophiles are exempt. It was pre- 
viously taught that the reaction served to demonstrate sepsis and also 
to distinguish between a serous and a purulent effusion. 

The number of leucocytes per cubic millimetre of blood varies 
much both in health and disease. The average may be stated to be 
5,000 to 6,000, but may fall anywhere between 3,000 and 10,000 
within strictly physiologic limits. An increase above normal is called 
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hyperleucocytosis, or simply leucocy toeis ; a diminution below normal 
is hypoleucocytosis. The increase or diminution may aflEect all the 
varieties above mentioned but more generally it iidll be found that a 
particular variety suflEers much out of proportion to the remaining 
•cells. The most common form of leucocytosis is an increase of the 
polymorphonuclear neutrophilic cells (3). In the new-bom these 
«xist physiologically to as high as 20,000, which number decreases to 
10,000 by the end of the first year. The eosinophiles may reach 2,200 
(Taylor). Pregnancy and labor, severe exercise, bathing, and even 
digestion increase the number of leucocytes above normal. They varj- 
from day to day, and from day to night. Such variations are physio- 
logic and temporary. The number is below normal in the ill-nour- 
ished, the sickly and in those who have fasted. If a deficient amount 
of food has been eaten, as is often asserted by patients, the count will 
verify the statement. Such conditions of ill-nourishment and unhy- 
gienic surroundings must be given proper weight before concluding 
that a count of, say, 3,000 is pathologic. 

Cabot gives the following classes of pathologic leucocytosis: 

Post hjemorrhagic leucoc\i;osis. 

Inliammatory leucocj'tosis. 

Toxic leucocytosis. 

Leucocytosis in malignant disease. 

Leucocytosis due to experimental and therapeutic inliuences. 

Among inflammatory conditions in the above classification are in- 
cluded infectious diseases. 

In septic conditions leucocytosis increases with the severity of the 
attack, at least, so long as resistance is normal. Where the resistance is 
greatly diminished, leucocytosis diminishes therewith, and may fall to 
a low point. In pneumonia, its absence forebodes a fatal termination. 

In many of these conditions, while the neutrophiles are increased, 
the eosinophiles are correspondingly diminished. 

Leucocytosis is absent in the following diseases: Typhoid fever, 
malaria, grip, measles, rotheln, mumps, cystitis, all forms of tubercu- 
losis and tubercular processes except the meningeal form. 

Blood good* states that in appendicitis the leucoc>i;osis is a pretty 
safe index of the severity and extent of the disease. A count of 15,000 
falls rapidly to 10,000 with the amelioration of the disease. A count 
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of 20,000 observed within forty-eight hours of the beginning of the 
attack demands operation. In gangrenous cases the count reached 
25,000 to 30,000. Very high leucocytosis observed within the first 
forty-eight hours points to peritonitis. 

In intestinal obstruction the increase is of especial value, rising 
rapidly to 20,000 within tW(»nty-four hours, and still higher in gan- 
grene or associated peritonitis. Later in the disease a low count with 
persistence of the symj)toms is unfavorable. 

Fevers with leucocytosis are not typhoid, since it does not occur 
in uncomplicated cases. Its occurrence, therefore, in undoubted cases 
points to complications. It is stated that in articular rheumatism 
complicated with endocarditis, the count does not rise much if any 
above that for the uncomplicated joint aflVction, viz: lO.OOO to 12,000, 
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Fig. 61 — The Tlionia-Zeiss Count inif Cliamhcr. 

but that when complicated with pericarditis the average rises to 20,000 
or over, and that such rise foretells the complication. 

Tuberculosis is only attended by leucocytosis when secondary pus 
infection occurs. 

The eosinophiles and the mast cells are increased in myelogenous 
leukoemia, while in the lymphatic forms of the disease the lymphocytes 
are increased, numbering 40,000 to 200,000. Increase of eosinophiles 
is found in bronchitic asthma, in scarlet fever, in hydatid disease of 
the liver, as noted in one of my cases, in intestinal parasites, gon- 
orrhoea and in inflammatory skin disease. 

Blood Counting. The most suitable apparatus for enumerating 
the blood corpuscles is the cytometer of Thoma-Zeiss, manufactured 
by Zeiss. It consists of a diluting pipette for the red corpuscles, 
another for the white, a specially ground cover-glass and a counting 
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chamber in the bottom of which is placed a disc ruled into squares 
whose sidc^s measure 1-20 mm. and whose areas are therefore 1-400 
of a sr^uare millimetre. The depth of the chamber when the cover- 
j2:lass is in position is 1-10 mm. When the chamber is filled the con- 
tents overlyintr each scjuare will be a colunm 1-400 mm. base by 1-10 
mm. in height or 1-4000 cu. mm. . 

Hence the number of corpuscles overlyintr any one square X by 
4,000 would equal the number of corpuscles in a cubic millimetre of 
blood, if the blood examined were undiluted. Since it is impossible to 
make the count without dilutiufr the blood to 100 or 200 times its own 
volume, the above product nuist be multiplied by the dilution mul- 
tiple. Furthermore, since jrreat variations occur in the number of 







Fig. 62 — Thoma-Zeiss Hoemacytomcter Pipette and Chamber. 

corpuscles found in the various squares, in practice it is actually 
necessary to count the corpuscles overlying a large number of sc^uares, 
divide by the number of squares counted in order to obtain an average, 
then multiply by the other factors, l^y reason of the ruling presently 
to be described, it is found convenient to count a field 16x16 or 256 
scjuares. Suppose the number therein totals 1,792, giving an average 
of 7 for each s(iuare, the dilution being 200. Then 7X4000X200= 
5,600,000 cells per cu. mm. of blood. Counting chambers with the 
rulings of Turck enable the enumerati(m of both red and white cells 
to be made in the same specimen. In this apparatus the small 1-20 
mm. s(iuares are fenced off into blocks of 4X*i <>!' lt> of the smaller 
squares, separated by interspaces or ''alleys/' the width of the small 
squares. For enumerating the red discs, the 16 central blocks are 
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counted, thus ^ivin^ 256 of the small squares, which is sufTicient for 
a fairly accurate averajze. To count this number of squares after 
some practice requires about half an hour and the result is generally 
between 1,200 and 1,500 corpuscles. ^luch must be learned by prac- 
tice, and accuracy comes only with ex{)erience. After having made 
the count the instrument should be washed with water and the whole 
process repeated with a second drop of l)lood, and in cases of wide 
variation, a third count should be made. 

Enuuu ration of flu Red Uhnnl (Un'puscles. The blood is most 
easily obtaincnl from tht' ear-l()b<\ which may be first washed with 
soap and water. Disinfection is not necessary. Punctures made with 
a three-sided sur^rical needle furnish a free fiow of blood and obviate 
the necessity of scjueezinj.', which dilutes the drop. Wipe away the 
first diops, then di-aw the blood directly into the capillary tube of the 
mixini: pipette to the 0.5 mark, if a dilution of 1 :200 is desired, or to 
the LO mark for a 1:100 dilution. In cases of antemia the latter is 
])referable, while for practice upon normal blood the former suffices 
and the cells are more quickly counted, with less strain upon the 
the eyes. Great care is necessary in drawin«r blood into the tube not 
to pa.ss the desinnl mark. In case such accident happens the pi])ette 
must be cleansed innnediately, and the attem{)t repeated. TIk^ mark 
reached, the blood adherent to the {mint of the tui)e is can^fuUy 
wiped away and the tube plun«;ed directly into the dilutin^^ fluid 
which is drawn up until the 101 mark above the bulb is reached. The 
two fluids are intimately mixed by shakin«r and rotatinc:. The portion 
which has remained in the capillary tube and not mixed nmst be ex- 
pelled, and a portion of the remain in<r fluid transferred to the count- 
injr chamber. The cover-^rlass is placed over it and the slide is put 
on the horizontal statrc* of the microscope where it should be allowed 
to stand for several minutes in order that the corpuscles may settle 
evenly. ]\Iuch care and practice are necessary that neither too much 
nor too little of the fluid be placed in the chambcM'. If too much, it 
will overflow into the rim or moat which surrounds the j^raduated 
plate, or overflow between the cell-rim and the cover-prlass. If too 
little, the count will be inaccurate. 

If the drop has been accurately ^au^ed. Xewton's rin^rs will ap- 
pear at the edpe of the cover-prlass as far as it rests on the underlying 
cell wall, when the glass has been pressed into place. 
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Diluiin(j Fluids, The simplest is a 0.8 per cent, salt solution, or 
one of ^I^SO^ of 20 i)er cent, strength. Gosvers' fluid consists of: 

Sodium sulphate jjfms. 6.3. 

Acetic acid gms. 3.6. 

Distilled water <;ms. 117.0. 

Toison's fluid is convenient as it stains the leucocytes and facili- 
tates their enumeration. Its composition is as follows: 

Sodium chloride, i)urif 1.0 jrm. 

Sodium sulphate, purif 8.0 irm. 

Neutral «:Iycerine 30.0 c. c. 

Methyl violet, 5B 0.025 gm. 

Distilled water 160.0 c. c. 

Dilutin*: solutions containinj: mercuric chloride, as Pacini's and 
Hayem's. an- advantaireous since they do not stain the tube as does 
Toison ■ s. 

Countnuj I he Jeucocyiis. The same chamber is used for count- 
ing the white cells that is used for the red discs. Turck's ruling 
greatly facilitates the work. For counting the white cells a diluti<m of 
1:100 is suiTiciently accurate. If a dilution of 1 :200 has been used for 
the red cells, the second or large bore pipette may be used for this 
enumeration. The })lood being drawn up to the 1.0 mark, Toison \s 
fluid is added until the 101 mark is reached, when the steps des(»ribed 
in the case of the red corpuscles are repeated. The leucocytes are 
stained blue by the fluid and the corpuscles overlying the entire set 
of large blocks. 144 in number, are counted, beginning at one corner, 
going across the fleld and back until all are counted. Corpu.scles lying 
in the interspaces or ** alleys*' between the blocks must not be in- 
cluded in the count. A rule of procedure nuist be adopted in regard 
to counting bodies partially within and partially without the boun- 
daries. Perhaps the safest plan is to count in all that lie on two ad- 
jacent sides of the square and ignore all that impinge upon the two 
remaining sides. The rule is equally applicable to the enumeration 
of both the red and the white cells. Divide the total by 144 to ascertain 
the average for one square. Since these blocks an» composed of 16 
small blocks, each of which is 1-4000 cu. mm. in contents, it follows 
that one of these columns is 16-4000 cu. mm. or 1-250 cu. mm., hence 
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multiplying the averaj;e obtained by 250, by the degree of dilution 
100, equals the number of leucoeytes per cu. mm. in the blood ex- 
amined. Thus, if 65 leucocytes are counted on 144 squares, the 
averaije per square is 0.45X250X100=11.250 leucocytes in one cubic 
millimetre of blood. This method has the advanta^re of bein.ir much 
simi)ler than that of finding the cubic contents of the microscopic field 
and should be more accurate. 

If for special reasons a dilution of 1 :10 or 1 :2() be desirable, it 
becomes necessary to destroy the red bodies, since their preponderance 
would obscure the white cells. In this case a 0.5 per cent solution of 
acetic acid to which has been added a litth^ gentian or methyl violet, 
renders the red cells invisible while it makes prominent the leucocytes. 

Th(» ai)paratus may be cleaned by first washing out the pipette 
with the diluting tluid. then with water, al'ierwards with absolute 
alcohol, lastly with ethcM-. The counting clianiber should be washed 
with water only as alcohol and ether destroy the cement. Explicit 
directions usually accompany the apparatus. 

A maLrnifying power of three hundred diameters will suffice for the 
count. 

The hivmatocrit. as ])roi)osed by Blix and modified by Daland, has 
the advantages of celerity and ease of manairenKMit. It consists of two 
graduat(Hl glass tubes, 50 mm. lonir aiid 0.5 mm. in diameter, that fit 
accurately into a carrying frame which revolves in the ordinary cen- 
trifuge. The tub(\s are graduated from 1 to 100. Th(* blood is drawn 
directly into the tube from thi^ i)iuictiire by means of a rubber tube, 
or it may be diluted with an equal volume of a 2.5 per ct*nt. solution 
of bi-chromat(» of potash. For diluting, the |)ipette of the .Thoma- 
Z(»iss apparatus may bi» used, the blood being drawn to the 1.0 mark, 
then an etjual (piantity of the diluent diawn in. The proc(»ss must 
!)(» repeated some four times in order to obtain sutVicient of the mixed 
tluid to till both tubes of the luematocrit, to which it may be directly 
transferred. As a speed of 10,000 revolutions })er minute is necessary 
foi* good results, an electric current is desirable. The result as indi- 
cated by the scale gives the number of cori)uscles per cu. nun. by 
adding five cyphers to the reading, thus, 50 on the scale indicates 
5,000,000 red cells. Doubling the scale gives the volume percentage 
of corpuscles to the normal; thus, 45 on the index equals 90 per cent. 
If the blood has been diluted, the indicator readings nuist be nuilti- 
plied by the degree of dilution. 
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Much criticism has been bestowed ui)on the results of Daland^s 
method. It is especially claimed that it is inefficient in cases in which 
there exists much variation in the size of the corpuscles, or in which 
the leucocytes are considi^'rably increased ; but Daland claims good re- 
sults in these cases as well as in the others. In a large series of com- 
parative counts made with both the ha*matocrit and the Zeiss instru- 
ment, I obtained quite as uniform results as when two different per- 
sons counted the corpuscles in separate specimens of blood from the 
same individual, by means of the Zeiss counter. 

Pr< piiration of Drird and Stainrd Films. Wet preparations can 
be utilized only when the micros<;ope and proper materials are near 
at hand. When the examination nuist be deferred it is necessary to 
make use of dried specimens. They are prepared by pricking the 
cleanse<l finger or ear-lobe, wiping away the first droi)s, catching the 
next drop, as it emerges from the puncture, upon a clean cover-glass 
without touching the glass to the skin, spreading the drop into a 
cai)illary layer by covering the one disc with another then carefully 
sliding them apart, and drying the two films thus obtained in the air. 
The dry films will keep indefinitely, especially if placed in closed jars. 

Simon n^commends the use of slides instead of cover-glasses, 
spreading th(» drop with the edge of a second slide held at an angle 
with the first. The superiority of his method rests on the lessened 
difficulty of gauging the drop to the size of the cover-slip and the more 
uniform thickness of the smear. ^ly own preference is to bring thr 
edge of the slip even with the edge of the slide and to catch the drop 
directly in the capillary space thus formed. 

Fixation is accomplished by exposing the specimen to a tempera- 
ture of 140' (\ for half a minute, but rcipiires special apparatus. 
Longer exposure at lower temperatures, as one hour at 110°' will 
accomplish the same end. Fixation by immersion in a mixture of 
equal parts of absolute alcohol and ether, or in the alcohol alone, is 
satisfactory for most purposes. For the first, the immersion should 
last from one-half to one hour: for the second, five minutes suffices. 

The following solution is more satisfactory than either of the 
above : 

Commercial formalin, 40 per cent 1 c. c. 

Water Dec. 

Mix, add alcohol SO c. c. 
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Fix by covering with a few drops of this solution, allow it to 
remain one minute, then drain off and immediately replace by the 
staining mixture desired. 

With practice one can make perfectly satisfactory stains by sim- 
ply passing the cover-glass throuirh the flame about twenty times in 
rapid succession, learned by noting the effect on the red discs. If the 
heating has been sufficient they will be stained bright yellow by the 
tri-acid stain. 

Ehrlich's tri-acid stain is the most satisfactory for diagnostic pur- 
poses and is all that is necessary for the clinician. Grubor's colors 
are used. The dye is made by mixing the following: 

Saturated watery solutions of oi-ange G, methyl green and acid 
fuchsin ai-e prepared and allowed to stand for several days, after 
which the clear fluids are d(H;anted. The dye is compounded as 
follows : 

Orange (J. sol f) c. e. 

Acid fuchsin sol 4 e. e. 

Add the one to tlu* other drop by drop, while shaking. When 
thoroughly incorporated add 

Methyl gn^en sol G c. c. 

(ilyceriiu^ 5 c. c. 

Absolute alcoliol 10 c. c. 

Wat(»r 15 c. c. 

Shake well, let stand for twenty-four hours. 

The sj)ecimens ai-e stained with the above compound for about 
five minutes, drained, dried with bibulous ])aper and examined with 
the one-twelfth oil inuncision lens, with the wide diaphragm. 

Ehrlich's triple stain dyes the 

Red corpuscles, orange or bright yellow. 

Nuclei of leucocytes, green. 

Nuclei of nucleated red cells, green. 

Neutrophiles, violet. 

Mast cells, imcolored. 

Eosinophiles, red or copper-red. 

The definition of the nuclei is improved by counter-staining with 
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a saturated solution of methylene blue. After washing oflF the triple 
stain the blue sf>lution is poured over the film and washed off after 
onf: or two serronds (Hewes;. The blue counter-stain brings out 
clearly alsr) the malarial parasites, which do not show in the films 
stained only with the triple stain. 

Jenner's stain, the eosinate of methylene blue, gives satisfactory 
differential pictures. Xo previous fixing is necessary, as this is ac- 
complished by the methyl alcohol of the stain. The dye consists of a 
i>.5 p«'r cent, sfilution of the powder in absolute methyl alcohol. The 
films are well-covered for five minutes, washed with water, dried and 
examined. 

The Ti'iX cells are stained terra-cotta. 

Nucl^'i of both red cells and leucocytes, blue. 

Xeutrophilcs, purple-red. 

Kosinoj)hilcs. bright-red. 

(granules of ina.st cells, dark-violet. 

Khrlich's liM'iiiatoxylin-eo.sin solution is also known as Gollasch's 
dye. It is frecpunitly used. 

Prei)aration : Dissolve 2 gm. ha*matoxyliu in a mixture of 100 
c. <\ each of alcohol. glye»rine and distilled water. Add 10 gm. gla- 
cial acetic acid and a slitrht excess of alum. The solution must ripen 
for four to six we<'ks. after which 0.5 gm. eosin, or, if preferre<l, 
oranjie i\., is added. Tlie smears are fixed either by heat or by alcohol 
if\\ii minutes) and stained for varv'ing times from five minutes to 
two hours aernrdin^^ to the intensity desired. The method re(iuires 
less skill of teclini(|ue than either of the others. 

The nuclei of the leiieoeyles are stained dark-blue. 

Bodies of leueocytes. light-blue. 

Ked corpusch^s, l)ri«rht-red. 

Kosi iioi)hi les, red-gran u lar. 

Nuclei of iiorniohlasts and megaloblasts, dark-blue. 

Xeutrophilcs, unstained. 

As said, the trii)le-stain is the only one really nfcfssarjf for the 
practitioner, and familiarity with one stain and the ready recogni- 
tion of the bndi(*s dilf(M'(Mitiated by it is far more useful than doubtful 
versatility or (juestionable proficiency. 

Malarial (Jrfjanisnis. Thes«» ])arasites are readily recognized in 
wet specimens by careful focusing, or they may be stained for per- 
manent preparations. The causative factor of malaria is a protozoiin 
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of the class which grows in the blood and is therefore called haema- 
tozoon. This particular species is named in honor of its discoverer, 
Plasmodium malariw of Lavaran. The most common form of the 
Plasmodium is found enclosed in the red l)lo()d corpuscle. It is a pale, 
segmented, mulberry-like body, surrounding a mass of pigment. If 
a little solution of gentian violet or fuchsin be added to the wet 
preparation, the stain will impart itself to each of the fifteen or 
twenty separate segments, differentiating a deep-tinted, central nu- 
cleolus from the surrounding protoplasm of lighter stain. Some of 
these sanu* bodies may be found api)arently free from the corpuscle 
which eiicai)sulate(l them. The free bodies may be entire or in various 
stages of disintegration, or exist as small, pah*, spherules floating free 
in the liquor sanguinis, or attached to the outside of the red corpuscle, 
where they exhibit ameboid movement. Staining here shows 
also a central nucleolus and a nucleus. 

These forms an* found ])n»vious to, or during, the chill and dis- 
appear a few hours after that event, when tlH\v are n^plaeed by active 
ameboid, inter-corpuseular bodies, constantly ehaniring shape and 
throwing out j>seu(lopt)(lia into the substance of tlu' eori)Uscle. These 
under.iio succi'ssive ehanges, until the pale sj)herules a«:ain fill the cor- 
puscle, and. at the time of the next chill the I'osettcs and radiating 
I)igment bxlii^s reapp^'ai*. Tlie crescents which arc found in the blood 
associatiMl witli ii-rcgular and sevei-c <'ases. accordinir to Thayer appear 
in most of the cases of lestivo-autunuial fever duiing the second and 
third week. The ci-escent develops within the red corpuscle fi'om the 
small hyalin(» bodies which irradually increase in size, collect pi«iment 
in th(Mr centers, assume a ci'escentic shape, while the outline* oi' the 
cori)usele (lisji[)pcnrs. The hist to (lisjippeai- is a line connectin^r tht* 
two horns of th<' <Tes<'i'nt. The di'ied prepai-ations, after tixing. are 
best staiihvl by the ensinate of niethylene blue, as advised by Koinan- 
owsky. The dye nuiy be purchased I'cady ])r(»pared. 

II(t tnitjihiffin. Tile i"elativ(* values of the Inenioglobin to the cor- 
puscular elements are mentioned in the discussion of the various 
sul),j(V'ts. It is to be noted that sliirht alterations in the amount of 
ha*moglol)in are constantly occurring as the result of diet, weather 
and habits. It is inilm^nced by aire, climate, country. s(»x and dis(»ase. 
The luemo«ilol)in reaches its lowest value in chlorosis where as low as 
If) per cent, has been observed. Jn this disea.sc* tin* fall in the per- 
centage of luemoglobin is Ix'low the fall in Ww percentage number of 
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the red corpuscles, although these also indicate a marked decrease. 
The corpuscles look pale. In Thayer *s series the average for the red 
bodies was 4,096,000, while the percentage of haemoglobin for the 
total number was 42 per cent. In one case the corpuscles were 85 per 
cent, while the haemoglobin was only 35 per cent. He calls attention 
to the fact that there may be, however, well marked actual anaemia. 

In typhoid fever the htemoglobin often diminishes more rapidly 
than the corpuscles. 

In septic infections, especially in general septicaemia, the same* 
phenomena may be observed, but generally the two keep pace with 
each other. 

Blood cliatufes in pernicious anamia. In progressive pernicious 
amemia, the corpuscular loss excads the loss of haemoglobin, although 
the latter may decrease to as low as 20 or 25 per cent, of the normal. 
The ratio is important as a diagnostic feature. A fall of red corpus- 
cles to half a million is not unconnnon and 315,000 has been recorded 
by F. P. Henry (Arijemia, Phila., 1887). Megalocytes abound; their 
diameter ranging from 10 to 15 mieromillimeters as compared with 6.5 
to 9.5 for normal cells. Microcytes and poikilocytes are also abundanl 
in most cases, yet none of these features are pathognomonic. 

Minute, highly colored spherical bodies, known as Eichhorst's 
corpuscles may abound. Eichhorst regarded them as pathognomonic, 
but they are sometimes absent. 

Two kinds of nucleated red corpuscles seen in pernicious aniemia 
are described by P]hrlich. First, small normal sized corpuscles with 
deeply stained nuclei. Second, large forms with pale nuclei which he 
calls gigantoblasts. Leucocytes are usually slightly diminished in 
number, although the mononuclear white cells may show slight in- 
crease. Henry remarks that the red corpuscles in this disease re- 
semble the blood of the lower animals in number, shape and size, and 
amount of haemoglobin. 

In the latter stages of leuktemia the same ratio as the above is 
frequently noted. 

Blood (han(/is in f/astri^ carcinoma. In carcinoma of tho stom- 
ach the blood changes ofttimes so nearly coincide with those of per- 
nicious ana^nia as to lead to error. 

In Osier's series the average of corpuscles in 59 cases was 
3,700,000, and the average haemoglobin in the same series was 45 per 
<;ent. The corpuscles varied between 1,000,000 and 6,000,000 while 
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the haeinoglobin only fell as low as 30 per cent. The leucoc>i;es ex- 
ceeded 20,000 per cu. mm. in three cases, and exceeded 12,000 per cu. 
mm. in eighteen cases. 

Blood chajKjcs in hukamia. (a) Spleno-meduUary form. In 
all forms of leukuBmia the diagnosis must be made by the examina- 
tion of tlie blood, as it alone offers distinctive features. The blood 
pictures are most striking and significant. In the commoner form, 
the lieno-myelogenic, the change is the increase in colorless corpuscles. 
The normal average of white colls per cu. mm. of blood during health 
has been stated. Their ratio to the red cells is set down as 1 to 500 
or 1 to 1,(K)(). In leuki^mia the proportion may be 1 to 10 or less. 
One to 1 is not unknown. The eosinophiles maintain their proper pro- 
portion to the other white cells, hence their total increase is very 
large and their pn»sence in the stained field is striking. Their sizes 
vary greatly. The polynuclear neutrophiles nuiy maintain normal 
proportions early in the disease*, but frecpiently diminish in the later 
stages. The greatest increase is in those cells not normally found in 
the blood, the myelocytes of Ehrlich. They are marrow eells and are 
nnich larger than the large mononuclear leucocytes, from which they 
further differ by having their protoplasms filled with fine neutro- 
philic granules. ( Sc^o elassifieation, Cn\. ) Eosinophilic myelocytes are 
also plentiful. ( (Massif. Ob.) 

Mast cells (polynuclear cells with coarse basof)hilic granules, 5b) 
are always [)resent in considerable number and may be even more 
plentiful than the eosinophiles (Osier). 

Red cells. The normal red cells are only moderately reduced in 
spleno-medullary leukaemia, seldom falling below 2,000,000, but nor- 
moblasts or nucleated 7-ed cells are present, som<» with large pale 
nuclei, some showing evidence of mitosis, and gigantoblasts are 
present. The ha?moglobin value is usually reduced. Ameboid move- 
m(*nt is feeble. Charcot's crystals sei)arate out from the leukjemic 
blood which is kept for a short time. 

(b) Lymphatic Leukannia. As the name indicates in this form 
the principal changes occur in the lymph apparatus, and in the blood 
those cells which are derived from the lymi)h gland predominate, viz: 
Lymphocytes. The proportion of colorless cells to red cells is less 
pronounced, seldom if ever reaching 1 to 10; the increase consisting 
almost solely of lymphocytes, which may be either the small forms or 
the large cell lymphocytes (2-a) which approach in size the poly- 
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nuclear leucoctyes (3-b). In the purely lymphatic form of the dis- 
ease, myeloc>i;es are not present and eosinophiles and nucleated red 
corpuscles are rare, but in the mixed forms, which occasionally occur 
the blood picture is a luiion of the two described. 

The diagnosis presents only one difficulty ; to distin»ruish it from 
ordinary leucocytosis. This, however, should present no ^roat obstacle 
since in all ordinary leucocytoses the increase takes place solely in the 
polynuclear neutrophilic cells (3-b). 

Estimation of Hctmoglobin in Blood. The simplest method of 
estimatinj,^ the percentage of hb. is by Tallquists's color scale. {Noth- 
nagel's Handbuch, Ehrlich and Lazarus.) This scale is a series of 
lithojjraphed tints resembling the color of blood containinir various 
percenta^res of hb. ranging by tens from 100 to 10. The blood-drop 
is caught on a piece of filter paper and compared directly to the color 
scale by daylight. Little books of suitable filter paper are sold with 
the scale. While great accuracy is not attained by this method yet 
valuable conclusions may be drawn. As normal blood varies between 
100 and 90 per cent it cannot be said that a decrease below the nor- 
nu)l percentage has occurred luitil the latter degree has been j)assed. 
Tallquist noticed that in stains of blood taken from patients suffer- 
ing with pernicious auiemia the colored center was surrounded by a 
zone of varying width, uiieolored in some eases, or colored a faint yel- 
low. Ilr observed the same thing in various other anaemias includ- 
ing chlorosis, and concludes that when the nimbus is entirely uncol- 
ored, as viewed by transmitted li^jfht, the eori)uscles have fallen to one- 
half the normal number or less, and that the greater the decimination, 
the broader the zone. 

A very suitable instrument for the general practitioner for esti- 
mating hb. is (lOwers* ha»moglobinometer, to be recommended by rea- 
son of its low cost and the ease with which it may be used. Kesults 
obtained from the better grades of this instrument will probably prove 
more reliable and accurate to the general worker than would those of 
the more complicated instruments of Dare, 01iv(»r or von Fleisehl, 
which are better suited to the skilled laboratory technician than to 
the needs of the general i>ractition<T. The apparatus consists of two 
small tubes of etpial height and diameter, which stand u])right in a 
wooden base. One is closed and contains a colored solution which cor- 
responds in color to a 1 per cent, solution of normal blood in water. 
The other, open at the top, is graduated into cu. nnn. by a number 
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scale, A lancet, a dropfj^-r and a capillary pipette marked at 20 eu. 
mm,, with auction tube, complete the apparatus. A few drops of 
water are placed in the open tube, the iinger is punctured, the blood 
drawn into the pipette to the mark and ijmnediately discharged into 
t.h(* >{raduated tube, refilled with water to recover all reuiaiuiujif blood, 
and this added to the graduate* The tube is now well^shaken and com- 
pared ivith the scale bj standing at such an ant'le that the edges join 
each other in the line of sight. Water is added tittle by little, shaking 
the tube after each addition. The percentage is indicated on the scale 
when the colors exactly correspond. 
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Fig, 63— Dares' New Hseiiioglobinomctcr and Colorimeter, 
Description, 

The blond pipette is shown at W. Tl consists of two small glass plates^ one 
transparent, one whius with a capillary space between^ into w^hich the blood to be 
examined is automalically drawn, undihited, Tbe pUtes fit into the detach- 
able damp, X, and are hdd e\ enly in position by the thumbscrew. After filling 
the capillary tube, the clamp and tube arc placed in clamp holder, white ^lass 
ontwards, as shown in the drawing, where they are held in place by grooved 
guides in the fixed bracket. 

Fig. A shows the color scale. It consists of n prism of colored glass, E, 
a semicircle of white glass* F. on the edge, H, of which is etched the percentage 
index of haemoglobin. G is hole or hub by which the scale is fi^ed in case, S, 
allowing rotation. I b a white glass disc which serves as background for the 
colors. 

Fig. B shows instrument ready for use with candle ilktmi nation. W The 
color scale has been placed in the metal case, S, and is rotated by milled wheel, 
R. The light falls e(|uaUy upon the exposed white glass discs, V ai;d W. The 
observer views them through the detachable camera tube, U. T, is a movable 
screen to shade the observer's eye. When the colors exactly correspond, the 
percentage indicated is read at the scale openings Z. Th draw^ings are one-half 
actual size. 
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Hodgkin's Disease. The blood sliows little that is characteristie 
apart from simple ana?mia of varying grades. The red corpuscles may 
sink to 2,000,000. They show only moderate poikikwytosis. The while 
corpuscles may show a moderate increase, with abundant lymphocytes. 
Occasionally the white cells increase inordinately and resemble the 
characters found in lymphatic leukaemia. 

Purpura. The blood changes are those of anipmia with the hb. 
line below the corpuscular line. 

Addison's Disrase. Ana?mia is generally i)resent accoi'ding to 
Addison, but sometimes is wanting. In Wilson's case the blood re- 
sembled pernicious anaemia. 

Splenic Anamia, This is described as a profound anaemia with- 
out leucocytosis, and often without marked poikilocytosis. 

Pulmonary Tuhercnlosis. Keferences to the blood changes are 
included in the general description of the malady. Recent investi- 
gations by UUom and Craig show that when a cavity is present there 
is a constant mild anaemia, associated with a decrease of the ha^no- 
globin. They find that an increase of the ei*ythr(M*yt(»s in cases with- 
out cavity is a favorable symptom. A decrease of leucocytes in ad- 
vanced cases is unfavorable. They regard an actual increase of 
lymphocytes as indicating an increase in the resistance on the part 
of the organism against the tuberculous infection, hence such increase 
as well as augmentation of the transitional forms, is to b<» regarded 
as favorable. 



SECTION XIII. 

DISEASES OF THE ABDOMEN. 

The abdominal cavity contains many and varied orjjrans whose 
{)hysi()lo.i;ic olHces. while they differ exceedinjzly are yet closely re- 
hited to one another in that they contribute to a connnon end. Yet 
in spitv of this relationship it may be said that disease of one or the 
other, whatever may be its nature, gives rise to no symptom-jrroup or 
correlated phenomena in any way comparable to those associated with 
disease above* the diai)hragm. Secretion or excretion may be altered, 
function may be changed or even abrogated as the result of disease, 
yet inter-dependent symptoms and inferential physical signs are not 
a consequence. Perhaps the one exception to this statenn^nt is that 
changes in the blood are apt to be associated with alteration and dis- 
ease of each of these organs. 

For these reasons physical exploration of the abdomen presents 
many more ditliculties and yields less fruitful and less satisfactory 
results than wiien the same methods are applied to the thoracic organs. 
Xor is the reason therefor far to seek. The abdominal organs are 
many, the thoracic few; the abdominal organs are packed jn a loose 
cavity with distensible walls, and their size constantly changes with 
theii* functions. The thoracic walls are almost unyielding the posi- 
tion of the organs is fixed and their capacity but little changed even 
in severe disease. The contents of the abdominal organs may be solids, 
licpiids or gases, or an admixture of all of these: some 7nay be greatly 
distended or totally collapsed, as the stomach, intestines, urinary 
bladder, gall bladder and uterus; while heart and lungs are subject to 
but little variation. Lastly the action of the thorax and its organs is 
regular and rhythmical; that of the abdomen and it.s viscera irregular 
and intermittent. 

The same methods are used which we have seen applied to the 
thorax but their relative importance changes. Inspection and palpa- 
tion yield most valuable information here, while auscultation, the most 
important in thoracic exploration, is of relatively little importance 
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when applied to the abdomen. The most favorable position for ex- 
amination of the abdomen is in many cases the erect posture, although 
recumbency is often necessitated by the form of sickness, or in order 
to secure complete relaxation. The knee-breast or knee-elbow posi- 
tions furnishes most information in cases of movable organs, tumors 
and dropsies. Not only should the front, but also the sides and the 
back, be examined. Relaxation is secured by elevating the shoulders 
and gently flexing the thighs. Anaesthesia must sometimes be re- 
sorted to. 

Anafomy. Whether the segmentation of the abdomen into nine 
areas has survived the test of time because it is of practical value, or 
whether it is due to innate conservatism is questionable. Certain it is 
that the divisions are based neither on substantial anatomic grounds 
nor warranted by convenience. Variations in the descriptions as found 
in existing text-books are innumerable and the hope of uniformity is 
remote. Anderson's suggestion that the boundary lines be converted 
into planes, defined on the dorsal as well as on the ventral surfaces is 
here adopted. The plan, however, was originally suggested many 
years ago by Dr. Bright. The abdominal organs vary widely in their 
positions within physiologic limits, hence their positions and relations 
can be described only with approximate correctness. 

Two horizontal planes are passed through the abdomen, the upper 
at the lowest point of the tenth costal cartilage. This plane lies about 
two inches above the umbilicus, marks the lowest anterior point of the 
costal border and cuts the second lumbar vertebra posteriorly. It cuts 
through the transverse colon, the stomach, ascending and descending 
<5olon, the lower curvature of the duodenum, the small intestines and 
the kidneys. 

The second plane passes horizontally backward through the an- 
terior superior iliac spines into the pelvis. 

A third plane carried across the true pelvis at the upper level of 
the symphysis cuts the distended bladder, the fundus uteri, the ova- 
ries and Fallopian tubes, the small intestines, the caecum or lower 
part of the ascending colon, the sigmoid flexure and the upper end of 
the rectum. 

Pol* the longitudinal planes as pointed out by Anderson the outer 
borders of the recti muscles — extending from the infra-costal furrow 
above to the spine of the pubis below — ^have the advantage of easy 
location and of giving much greater symmetry to the regions de- 




Fig, 64 — The abdominal organs viewed from behind. The diaphragm partly re- 
moved. From Cunningham s Anatomy, by permission of Wm, Wood & €0. 
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Uniited, thai] the old vertical lines biHeetiim Pou partes lijiiameiit^. 
The rectal tines, t'nrtherniore, briii^ the inguinal region entirely into 
one divisioiK The vertk*al planes eiit the tnins%'erse V'olaii, the -smaU 
intestine and kidneys. The ovaries lie at the intersection with the 
piibie plane* Pnrther, the right piane rnts th? ^aJI bladder, the 
ca*ctini; the left euts tin* slonnieh, the panereas, Ibe spleen and the 
sigmoid flexure. 

METHODS OF EXA^ITNATION. 

Inspection. Tlie shape of the ideal abdomen is flatly elliptical 
with a slight depression marking the nmbilieus, a shallow eentral 
grwvve and two vertieal lines delineating the inner and outer rdges 
of tli*^ refti nnis^^lpK. and three transversa lines nmrkinir lb** nmscle 



Fig. 65 — A cunvejiient posilioii for palpatson of tlie ubdomitial orgatiis, which 
may be used in home or office, Espt^cially useittl in searching for small 
growths of pylonis. 

into zones. It is seldom seen except in well-developedi mnseular yoiing^ 
men. I have never observed the transveT-se lines in women. They are 
absent in the very young and those past hfty years. 

The si55e and shajie of the abdomen vary greatly in iiealth and 
its appearance is measurably modified by ceitain physiologie eondi- 
tions. The abdomen of the child is eonsidernbly largi^r in proportion. 
to the size of the chest than is that of the adnlt. Again in old ag& 
the abdomen is apt to increase in its volume while the thorax sbrinlcSy 
thus renewing the dispra[jortion* It is more apt to become voluminons 
with advancing yeai-s in women than in men, and repeated preg- 
nancies leave an indelible stamp, A full meal distends its upper- 
portion. 



i 
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Probably as an inherited tendency the waist eireumfereneo varies 
more in women than in men. Its disproportion to the prth of the 
thorax is greater, and in the hif?her orders of society where lacing has 
been lon<rer and more strenuously practised the effects are much more 
marked than in the lower orders, as evinced by our immigrants. It 
tends to displace the liver and the free end of the stomach downward, 
as well as to unduly contract the lower ribs which are greatly in- 
creased in their inclination, lessening the costal angle and diminishing 
the lower intercostal spaces. 

The pelvic portion of the abdomen is proportionally longer in 
women and the distance from the xyphoid cartilage to the symphysis 
pubis varies more than in men, thus giving the female more ** waist'' 
and less chest length. We note the size and shape of the abdomen 
and observe its movements, and look for changes which may result 
from such alterations. Alterations in the shape of the abdomen due 
to disease consist in enlargements or retractions of its walls. 

Enlargements of the abdomen may be general and symmetrical, 
or local and irregular. General enlargements are caused by accumu- 
lations of gas within the intestinal canal, particularly within the 
colon (tympanites) as occurs in typhoid fever: by fluid accumula- 
tions within the peritoneal cavity (ascites) or in the parietal tissues 
(oedema) ; by tumors or new-gro>\'ths, in which case the enlargement 
may be local or general. 

Local enlargements are in the main due to hypertrophy of some 
special organ as the liver, the spleen, the kidney or the ovary, to 
hernias or rarely to enlargements of the mesenteric glands, or accumu- 
lations of faeces. Local intlannnations such as appendicitis often show 
local swelling. The descent of the diaphragm and the bulging in the 
^epigastrium due to fluids in the thoracic cavity has been mentioned. 

Retraction of the walls is seen in all forms of acute febrile and 
wasting diseases as typhoid fever, tu})erculosis and cancer. It occurs 
and is progressive in intestinal strictures and in stenosis of the gastric 
orifices. Infective and catarrhal diseases of the bowels accompanied 
by diarrhcea, tuberculosis, meningitis and some other cerebral diseases 
rapidly produce it. It is extreme in lead colic. 

Alterations in the movements of the abdomen indicate change in 
the respiratory rhythm or in the peristalsis. In the unrestricted 
belly the walls rise and fall with the excursions of the diaphragm. In 
disease they may increase with the latter or vice versa. Thus in supni- 
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RV. Right Ventricie, 
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diaphragmatic inflammation, as pleurisy and pericarditis, the muscles 
are increased in their play, while in inflammations below the partition, 
as peritonitis or intra-peritoneal j^rowths or colic, their movements are 
held in abeyance and the costal type of respiration prevails. In 
thin-walled individuals the imtiines of some of the orjrans and the 
movements of peristalsis are frecjuently apparent, and with the loss 
of adipose in the course of wasting diseases they become so. Semi- 
rhythmical contractions and relaxations of the abdominal nmscles are 
not unusual, especially in the sick, and the shiftiiiir of «ras<Mms accumu- 
lation, accompanied by noise, is a connnon event. The ^rreat curvature 
of a well-inflated stomach may be easily traced. 

We examine* tht» state of the skin, whether soft, roujrh or smooth; 
moist or dry and branny. Its color, whether it indicates jaundice or 
impeded circulation. We note distention of veins and capillaries, es- 
pecially in the umbilical zone already described, and the fre<|uently 
transmitted epijrastric pulsation which is sometimes mistaken for 
aneurysm. 

Palpaiinn. in order to secure the best results from palpation, 
the compl(»te relaxation of the parietal walls is necessary. To accom- 
plish this, place the patient upon a hard nuil tress with the leys and 
thijrhs partially flexed. It is necessary to ehan«»:e the position from 
the back to th(» sid(\ or to the knee-breast posture in detecting; the 
presencf* of fluids, movable tumors or fluctuation. 

The hand should be well-warmed so as not to cause involuntary 
shrinkinjr and contraction. The side of the hnnd or the tips of all 
the finjrers used together is preferable to the siiurle fliiirer. Punchiufr 
and pokin«r are to be avoided. The pressure must vary with the end 
sou*rbt : slight, forcible, continuous or interrupted, bein^ sin^'ly or 
alternately us«h1 : care bein^' exercised not to eause useless pain by 
uim(M»es.sary repetition. 

Note whether tht* skin is hot, indicatin«r fev(*r or inflanunation, 
nr eold, indieatinj; chill or defleient cireulatii>n : whether the tissu(»s 
ai-e unusually r(»laxed or resistiufr and elastic and whether any (edema 
exists. 

The examination of th(» c<mtained orjrans determines their si/.e 
and position, whether flxed or movable and whether pulsation is 
pn^sent : their consisteiu*y and outline, wh(»ther smooth, nodular, tense, 
t*»n(ler, softened or hardened. 
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Preniitiis due to enlarjred spleeu or liver may occasionally he 
detected. 

Fluctuation means the prest^nce of fluid. In order to detect it 
the examiner places one hand at the distal part of the collection, aii«l 
laps upon the overlying surface. The peculiar stroke communicated 
to the hand by the fluid set into vibration is called fluctuation. Cir- 
eumscribed fluctuation is distinguished from fluctuation due to fluid's 
free in the cavity by its area and position and by not gravitatint; 
freely with changes in the posture of the patient. Such collections 
occur in ovarian cysts, ligamentous cysts, hydatids of the liver an<l 
possil)ly in cystic kidney. Encysted collections of pus or other tluids 
limited by ])eritoneal adhi^sions, fluids distending the fallopian tub(«, 
and abscess of the abdominal walls, may also give rise to localized 
fluctuation. 

Pain may be superficial or deep aTid the amount and kind ol 
pressure necessary to produce it determine this fact. The character 
of the pain and the manner in which it is influenced by palpation 
have no little significance. Pains due to inflammation of the bowels 
or other mucous membranes are dull, heavy and continuous and 
re<iuire considerable pressure to manifest them. Pain arising from 
inflannnation of the serous coverings, tht* peritoneum, is sharp and 
cutting, subject to exacerbations and increased by slight pressure. 
Colicky pains, nerve pains or neuralgias are often relieved by firm 
pressure, although a touch may cause a painful spasm, which distin- 
guishes them from the tenderness resulting from inflanunatory 
troubles. 

Palpation includes vaginal and rectal examinations, for fullei- 
details up(m which subjects the reader is referred to special works. 

I^rrnission. By percussion we determine the size and position of 
the various organs, th<»ir relaticms to each other and even gain consid- 
t rable information as to their contents, since the note varies unmis- 
takably therewith. The position of the patient best suited for per- 
cussion is recumbency upon the back, as for ]>alpation. The fingers 
furnish the best plexor and pleximeter, and the variations in the 
note elicited are so manifest and so readily recognized that the student 
will do well to familiarize himself with their (|ualities before essaying 
thoracic ndventures. These notes are dull, flat and tympanitic ac- 
cording to the point chosen and the or^an percu.sst^d. The body of 
the liver, the spleen and the kidneys give forth a perfectly flat note. 
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while their ed^es which overlap the stomach, colon or intestines giv<' 
a varying dull note. The small intestines, the colon and the stomach 
trive a full tympanitic note, which may bo characterized as small, 
medium and large for the three viscera in the order named. Th'_» 
separation of the three organs nevertheless requires considera])le deli- 
cacy of discrimination, by reas(m of the variations of the note which 
arise from different conditions of these viscera. Thus, each may be 
distended to its fullest capacity by gaseous or solid contents, or may b(^ 
in a state of collapse, or they may be partly filled. In each condition 
the note for the same organ will diffc^r. The quality of the note varies 
but little, being tympanitic in all cases except when the viscus is 
filled with solid matter, but the pitch varies widely. As stated in our 
preliminary considerations, pitch rises with the tension but diminishes 
as the enclosed air volume increases, provuhd the tension rrnun'iis 
the same. 

From the foregoing it will be seen that the note of large* tympany, 
or stomach tympany gotten by percussing a moderately distendtnl 
stomach which is normally the lowest pitched sound obtainable fr«)in 
the human body, rises in pitch if the gas so distends the stomach as 
to increase its tension, when the note may become metallic or amphoric. 

The intestines, being smaller cavities, give a higher pitched note 
than the stomach; the t(*nsion being ecpial, this note is higher for the 
small intestine than for the colon. 

Increast* in size of the solid orgnjis, as well as new solid growths, 
are recognizable by the extension of their area of fiatness: thus, en- 
larged liver, kidn(\vs, spleen, uterus, tumors of ovary, womb or 
njesenterie glands or aneurysm of the great vessel may be recognized 
and their limits determined. A full bladder gives us an area of 
<lullness above the symphysis, where intestinal tympany replaces it 
when emptied. So too, distentions of the hollow viscera manifest 
themselves by a change in the percussion note, the tympany increasing 
with the distention. 

It will thus be seen that intelligent percussion furnishes valuable* 
results. In order to obtain the full benefits the areas nnist be care- 
fully gone over from side to side and from above downward with a 
stroke of varying strength; now light, to elicit superficial resonance; 
now medium, to determine relative dullness: and strong, to demon- 
strate deep-seated, covered-in flatness. 
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The percussion areas of the various organs will be given in detail 
along with the consideration of their diseases. 

The state of the abdominal walls may interfere with the satis- 
factory examination of the organs: thus accumulation of fat seriously 
influences palpation and the percussion note. Contraction and spasm 
of the parietal muscles, as occurs in beginning peritonitis, or the uni- 
lateral contraction of the rectus as seen in appendicitis, may retard 
the examination yet contribute to its diagnosis. CEdema of the walls, 
such as occurs in chronic Bright 's disease, seriously interferes with 
the examination. 

Auscultation. Over the abdominal tract no sounds are heard in 
health save the whirr of the blood through the aorta,, the shifting of 
gas in the intestines known as **borborygmi'' and certain churning 
sounds of a somewhat metallic character which arise from the mixed 
contents, solids, liquids and gases, of the stomach. 

In disease the bruit of an aneurysm may be present. A friction 
fremitus due to two inflamed surfaces of peritoneum rubbing together 
is much rarer than friction sounds in the region above. A blowing 
thrill or murmur is sometimes heard over the spleen when that organ 
is enlarged. 

The placental bruit and the sounds of the fcetal heart belong 
more properly to the field of obstetrics, but are pathognomonic of 
the pregnant state. 

DISEASES OF THE PERITONEUM. 

The peritoneum lines the entire abdominal cavity and js so re- 
flected as to enclose wholly or partly all the contained viscera, vessels 
and structures. 

PERITONITIS. INFLAMMATION OF THE PERITONEUM. 

Cla^ssification: Acute, chronic; primary, secondary; local, gen- 
eral ; simple, septic. 

Morbid varirtifs: Fibrinous, serous, purulent. 

Symptoms: Pain; severe, cutting, piercing, griping. In puer- 
peral cases less severe. Tendeniess. Seat of pain and seat of tender- 
ness may not coincide. Chill; vomiting, early and severe. Vomited 
matter; food, bile and even faH?es. 

Fever: (Jeiierally lOP to 103°; evening rise. 

Pulse: Rapid, increases with disi*ase, 130 to 140. 
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Respirations: Superficial, painful, shallow. May be 30 to 40 
per minute. 

Physical signs: Patient lies on the back with the knees flexed. 
Abdominal walls at first tense and retracted, resistant. Diminution 
or suppression of abdominal breathinp:; thoracic breathing increased. 
Later abdomen swells and becomes tympanitic, resistance passes. 

Disappearance of liver dullness points to presence of gas free 
in the peritoneal cavity, but previous adhesions may hold the liver 
against the parietal wall or a coil of distended intestine may inter- 
vene and replace the dullness. Pain is manifest on slight touch, but 
actual seat of tenderness is only determined by firm pressure. Fluid, 
indicated by fluctuation, gravitates into the cavity while the intestines 
float <m top. Dull area shifts with the changes of position. Hiccough 
may indicate involvement of the diaphragm covering. Friction or 
crepitation is often heard. Heart is displaced upwards or outwards, 
apex may be in the fourth interspace and heart and liver dullness be 
found in the third interspace. 

Urine scanty, dark, heav>% contains albumin and indican in large 
quantity. Simple test: Shake together equal parts of HCl and 
urine, then add three drops of a freshly-made, saturated solution of 
chlorinated lime. Indican is indicated by the dark blue color which 
immediately succeeds. 

In the chronic variety the chief manifestation is a collection of 
fluid in the peritoneal cavity. The collection occurs independently of 
tuberculosis, cancer and causers of ascites. 

THE STOMACH. 

When the stomach is empty, or not distended with gas, its out- 
line and position are not indicated by any prominences on the outer 
wall, and palpation as well as inspection fails to furnish any informa- 
tion as to its location. Since, however, the viscus is seldom if ever in 
a state of collapse, percussion gives us a tympanitic resonance so 
distinctive and drum-like as to enable us to differentiate it from the 
neighboring organs. The flatness of the percussion note which marks 
the liver area limits the stomach above and easily determines its 
upper boundary. The inner border of the spleen limits the fundus on 
the left. The degree of obliquity of the stomach is still a matter of 
dispute, the merits of which we will ignore at present, stating what 
we consider the most accurate views. When the stomach is distended 



266 DISEASES OF THE ABDOMEN 

the fundas and greater curvature rotate to the front, and come in 
immediate contact with the abdominal wall. This portion is trian- 
gular in shape, bounded on the right and above by the liver, on the 
left by the costal edge as low as the ninth. The free border or greater 
curvature can be determined by percussion. Begin above at the edge 
of the liver and percuss gently downwards from this line of dullness 
until a slight alteration in the pitch of the tympanitic percussion note 
indicates that the transverse colon has been reached. This line, which 
marks the greater curvature of the stomach, bows downward from the 
free end of the tenth rib on the left, crosses the middle line a little 




Fig. 66 — Normal position of the stomach, according to RtKcnhcim (solid line). 
Dotted line, normal position according to Kichhorst. 

above the umbilicus (1" to 2"), thence curves upward to the edge of 
the thorax when* it niet^ts the right parasternal line. 

The cardiac end or fundus reaches as high as tht» sixth cartilage 
being behind the heart apex. The cardiac orifice is opposite the 
seventh left costal cartilage about one inch from the sternum 
(, Treves j. 

The pylorus varies, but its most frequent position is to the right 
of the middle line two to three inches below the sterno-xyphoid articu- 
lation. This point corresponds with the level of the twelfth thoracic 
spine. 
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For diagnostic purposes the stomach may be distended either by 
inflating it with air or by means of an effervescing powder. Air may 
be introduced through the stomach tube by means of a hand bulb. 
The powder consists of a teaspoonful of tartaric acid dissolved in a 
-half-tumberful of water and swallowed, -^ be immediately followed 
by a teaspoonful of sodium bi-carbonate also dissolved in a half- 
tumblerful of water and the gas retained. The resulting distention is 
usually visible and the outline may be thus determined. 

Knapp describt's a simple method for locating the lower border of 
the stomach, whi(*h 1 have found useful. 

The patient, standing erect with the abdomen covered, drinks a 
glass of cold water. After the lapse of half a minute the examiner 
places his hand, which must not be cold, against the bare abdomen. 
The lower limit of the cold region is quite definite, and denotes the 
position of the fundns and greater curvature of the organ. 

Lincoln, by a method of transillumination of the stomach by the 
use of Huorescin, gives results bearing upon the position of the lower 
border of the viscus in thirty cases. In four he found it above the 
umbilicus, in four at the level of the umbilicus, in twenty-two below 
that level. He leads us to infer that only eleven of thos<* examined 
had ga.stro{)tosis ; and concludes that the stomach lies much lower in 
the healthy individual, male and female, than generally has been 
•described. 

Enlargements of the stomach may be recogniVed by palpation anri 
percussion: diminution in its size cannot be told by physical 
exploration. 

Increase in the size of the stomach may b(» temporary or per- 
manent. Temporary distentions are of daily occurrence and cannot 
be regarded as pathologic. They are caused by accunnilations of gas 
or the ingestion of large (piantities of liquids or solids. Treves gives 
the average capacity of the stomach as about five pints (two to three 
litres). This is certainly too great, three points (li/o litres) being 
more nearly correct. The elder Leidy used to say that stomachs 
which have never been over-distended were filled by a pint but could 
be stretched to two quarts (two litres). 

Gaseous distention of the stomach is recognized by the note of 
large tympany heard over an extended area. It should not be diffi- 
cult to separate this sound from the note of the colon, unless the 
latter is also greatly distended. When the stomach is distended by 
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liquid or solid contents the normal tympanitic note is wanting, ami 
the dull area which replaces it will extend from the liver edjie down 
to the umbilicus, and outward on the left until it fuses with the 
splenic dullness. When the stomach is partly filled, as swmie time 
after a meal, the contents gravitate to the dependent part or cul-d*»- 
sac and the dullness is limited to that portion of the organ. For th-.* 
purpose of detecting these conditions percussion should be made wit a 




Fig. 67 — Position of stomach in moderate gastroptosis (Rosenheim's description). 

the patient standing. In case the viscus is empty this is sufficient, 
but if partially filled the percussion should first be made with the 
patient erect, noting the dull area, then repeated with the patient 
lying upon his back, when the dull area will l>e replaced by the char- 
acteristic tympany. 

Almost all forms of dyspepsia and conditions in which stasis of 
the gastric contents <K*curs are associated with gas formation and tem- 
porary dist(Mition. The stomachs of beer-drinkers are apt to be dis- 
tend<*d. The inen»as<' in size may be permanent, as in trastrectasia, 
which is a pc^rmanent increase in the volume and capacity of the 
stomach, arising from muscular atony, or in pyloric obstruction, in 



DISEASES OF THE ABDOMEN 269 

which the condition is brougrht about by the gradual stretching of the 
walls by the retained contents. 

Physical signs of Gasfrvctasia. iHspection may reveal the out- 
lines of the or^an, especially the jri't^ater curvature, which extends as 
low as the navel and even lower. As these cases are ver>' generally 
accompanied by descent of the organ, the upper curvature may some- 
times show itself circling beneath the ensiform cartilage. 

Palpation. The air cushion sensation is often recognizable by 
the touch. 

Ptrcussion furnishes trustworthy evidences of dilatation. We 
begin above and percuss downward to the colon, observing the pre- 
cautions mentioned as to the change of position of the patient. If 
the viscus is empty the ingesticm of a large glass of water will cause 
the lower tympanitic border to be replaced by dullness when the 
patient is erect. The double percussion is conclusive. If doubt re- 
mains a stiff sound may be ])assed and the end felt thnmgh the 
abdominal wall, or the sound may be pushed along the great curvature 
until it encounters the resistance of the pylorus and the abnormal 
distance noted. If the lower limit of the stomach reaches below the 
navel the conclusion that the organ is dilated is justifiable. The 
stomach tube may be used for filling the organ with water in order to 
displace the tympanitic note, but is seldom necessary. 

CANC^ER OF THE STOMACH. 

One in five of all primary cancers attacks the stomach, about 
two-thirds of the cases attack the pylorus. 

Inspection. In the early stages, negative. After cachexia and 
emaciation set in the tumor may be visible. 

Palpation. Tenderness may be present long before a tumor can 
be felt. When palpable, tumor of the pylorus is generally situated 
near the umbilicus, owing to the displacement caused by dilatation, 
and is freely movable, changing its position with varying conditions 
of the organ and the body. 

Percussion gives an area of dullness — not flatness — over the tumor 
wherever it may be situated. The percussion should be performed 
when the stomach is empty or has been washed out, when the contrast 
of tympany and muffled dullness- is more manifest. Pyloric stenosis, 
which results in most cases, causes gastric dilatation with the physical 
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signs of that condition. Sometimes peristalsis, stopping short at the 
pylorus, may be seen. 

Other symptoms are those of dyspepsia and debility ; vomit which 
contains blood (**coflfee grounds"); diminished or absence of HCl 
and the presence of lactic acid in the stomach contents. 

DISEASES OF THE SMALL INTESTINE. 

Anatomy. The small intestine extends from the pylorus to its 
junction with the large intestine in the right iliac fossa and has an 
average length of seven meters. It is divided into the duodenum, 
30 centimeters long; three-fifths of the remainder constitutes the 
jejunum, the balance forming the ileum. There is little histologic 
distinction between the two structures. Two kinds of glands are 
found in the walls, secretory — the glands of Hrunner and Lieber- 
kiihn — and the agminated glands or Peyer's patches and the solitary 
follicles. 

Peristalsis, During digestion the gut is subject to certain move- 
ments designed to propel forward its contents, called peristalsis. 
These movements are wave-like — peristalsis proper — pendular and 
rolling. Violent painful peristalsis is called tormina. 

The functions of the intestines are absorption and excretion. A 
considerable quantity of gas is always found within the lumen, derived 
from the stomach, the blood or formed within the canal (see Fff>ces). 

Previous diseases, habits, occupation, diet and the use of special 
substances as alcohol, tobacco or drugs should be the subject of careful 
inquiry in intestinal affections. 

The principal facts to be elicited are as to the existence of 

(a) Pain: its seat, character, duration, relation to digestion, 
evacuations, eructations and food ingestion ; how influenced by rest, 
motion or pressure. 

(b) Tympanites. Sudden tympanites should suggest obstruc- 
tion, especially if inability to pass gas co-exists. 

(c) Constipation, its duration and nature. 

(d) Diarrhcea, the character of the stooLs (see Section XVI). 

(e) Tenesmus. This usually indicates an affection of the large 
intestine. 

The maladies of the small intestine individually considered do 
not give rise to definite correlated groups of distinctive physical sijrns, 
hence these manifestations mav be considered together, afterwards 
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pointing out the differential characters along with the special 
symptoms. 

Inspection is not limited to the abdomen, but the chest, the back 
and the anal region should be carefully viewed. The examination is 
best made upon a hard bed or couch with as perfect relaxation as 
possible. The import of various superficial vascular conditions is 
referred to elsewhere. Irregularities of contour, the condition of the 
skin, the presence of ascites or oedema are especially to be noted. 
Ewalt says small new-growths are often easier to recognize by in- 
spection than by palpation. Wasting diseases, cancer, the cachexias^ 
lead-colic and meningitis give rise to depressed or scaphoid abdomen. 
The contour and outline should be inspected with the eyes on a level 
with the surface, viewed during full inspiration and forced expira- 
tion. Irregularities are sometimes revealed by voluntary muscular 
contraction of the walls. 

In nervous and emaciated persons, particularly the convalescent, 
and in those with relaxed abdominal walls peristalsis is visible. If 
general and confined to the small intestine it is not especially signifi- 
cant. Stopping short at a given point it indicates obstruction. Vis- 
ible peristalsis of the large intestine is pathologic and not infrequently 
points to stenosis. It is also found in neurotics. During attacks of 
colic sudden forceful peristaltic discharges — tormina — (accompanied 
by shifting gaseous contents) are often visible. 

Palpation. The desirability of a warm room and warm hands 
has been mentioned. Palpate first the superficial parts, then the 
deeper regions, examining first with the patient on the back, then 
on either side, lastly in the knee-elbow position. A number of writers 
advise palpation in a warm bath. 

After a careful examination of the parietes, the deep palpation 
best proceeds from above downward, not omitting the inguinal and 
femoral canals. The course of the large intestine should be separately 
followed. The sigmoid flexure is easily palpated. An increasing 
number of observers, since Edebohls, claim ability to p>alpate the 
appendix — certainly a diflficult task. 

We note by palpation irregularities of distention, pain, sensitive- 
ness, tenderness, succussion, adhesions, new-growths, faecal accumu- 
lations. As to the last, differentiation has been sufficiently dwelt on. 

New-growths are much oftener malignant than benign. The size,, 
mobility, consistency, contour and location are noteworthy. 



272 DISEASES OF THE ABDOMEN 

Cancer, sarcoma and tubercular jrrowths are the most freiiuent. 

The first are irregular, hard, nodular and seldom attain large size. 

The second smooth, hard and may be large. 

The third varj' in consistency, are diffused, occur in young sub- 
jects and are often associated with tuberculosis elsewhere. Diarrhoea 
accomi)anies these while the former are associated with constipation. 

Percussion, General directions upon abdominal percussicm and 
the results obtained by percussing different areas have been given. 
We search for departures from the normal note. Successive examina- 
tions, especially after freely evacuating the bowels, are recommended. 
The cAaracter and differences in the sounds elicited have l>eeii 
described. 

Ausnd tat 1071 reveals intestinal sounds such as succussion, bor- 
borygmi and gurglings. Little of practical value is educed from 
their presence. Their absence is significant of paralysis of the bowel, 
as in appendicitis, or of perforation, in which case there is total 
absence of all bowel sounds. In stenosis the sounds are increased. 
Gurgling in the right iliac fossa, formerly considered a diagnostic 
feature of typhoid fever, has no clinical value. 

ULCER OF TIIK OrODENUM. 

These occur at any age, even in the new-born, but are most fre- 
quent between the ages of thirty and fifty. Men are more frequently 
affected than women. The symptoms are similar to those of gastric 
ulcer, for which the disease is apt to be mistaken. The special symp- 
tom is pain which appears si^veral hcmrs after eating. The situation 
of this pain is on the right parasternal line just below the gall bladder. 
It has been found that diminishing the acidity of the gastric juice or 
temporarily supi)re8sing its flow through the pylorus relieves this 
pain, a f(*ature which distinguishes the disease from gastric ulcer. 
Administering acid wines or food accomplishes the purpose. Tender- 
ness, reflex vomiting, ha^matemesis and blood in the st(M)ls summarize 
the symptoms. The gastric contents give no definite indications. Per- 
foration or fatal haemorrhage may occur. 

ACrTE AND CHRONIC INTESTINAL CATARRH. 

These may be classed as infectious, alimentary, climatic, medicinal 
and toxic catarrhs. The first is primary or a complication of existing 
disease ; the second includes the larger majority of all cases. 
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The general symptoms are pain, nausea, diarrhcea with much or 
little mucus. The presence of jrreen bile in the dejecta indicates that 
the disea.se is in the upper intestine. General lassitude and weakness 
8Ui)ervene. The stomach is often involved. Fever is slight or absent. 
The urine is scanty and not seldom albuminous. 

The diagnasis is easy. Large masses of nnicus and an admixture 
of blood with the fieces point to the large intestine as the seat of the 
disease. Local tenderness aids in locating it. The main symptom is 
the altered condition of the faeces. 

The symptoms of the chronic form are similar but less acute. 
Constipation is not itivompatiblc with this form, a fact to be remem- 
bered. Constipation and diarrhcea may alternate in chronic catarrh. 

Membranous colitis is a form of catarrh accompanied by painful 
spasm of the intestine, alteration of function and the occurrence in 
the stools of nnicus which assumes the form of membrane or casts. 
Females are usually the subjects of the dis<»ase and constipation marks 
the pre])onderance of the cases. 

Intestinal obstruction or stenosis may affect the small or the large 
bowel. The causes are formation of ligamentous bands, the occur- 
rence of hernia, impaction by gall stones, foreign bodies (food, ftecal 
impactions), intestinal concretions, compression from organs or 
growths and intussusception. Band or slit strangulation and intus- 
susception account for ninety per cent, of the cases. Dilatation 
develops above the obstruction and is greater the nearer the difficulty 
is to the rectum. For this reason when the jejunum is the seat, 
involvement and over-distent ion of the stomach quickly intervene. 
Constipation comes on as soon as obstruction is complete but may have 
been preceded by diarrhoea. The peristalsis is augmented and is visible, 
occurring in intermittent painful spasms. The character of the stool 
is not significant. In certain cases bile is constantly found in the 
stomach. The subjective symptoms are loss of appetite and strength, 
nausea, fullness and a peculiar distress. Eructations and vomiting 
mark most cases. Visible peristalsis and intestinal rigidity are the 
most important physical signs. Suddenly developed constipation, 
resistant to cathartics, occurring in one of regular habits should excite 
grave suspicion, particularly if the patient is of advanced age. 

Complete, rapidly-developed obstruction involving one or more 
intestinal coils, is called ileus. The symptoms are great pain, nausea, 
vomiting and suppression of faeces and gas. The vomiting if con- 
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t'mued becomes sterebraceous. Incarcerated hernia is the most fre- 
c|uent and potent cause. Tympanites develops, but spasmodic peris- 
talsis is jzenerally al)s<Mit. The distended and resistant portion of the 
intestine before the obstruction can generally be recognized by pal- 
pation and inspection. In hernia, palpation recognizes the incar- 
cerated bowel by the impulse communicated on coughing. 

Obstruction may be mistaken for biliary or renal colic, but the 
history, the presence of jaundice, enlarged, tender liver or kidney, 
bile, blood or other foreign substance in the urine aid in recognizing 
these while marked indicanuria points to obstruction. The symptoms 
tending to exclude peritonitis are given thereunder. 

Volvulus is a twist of the intestine upon its mesentery, or a 
knotting of two or more intestinal coils. The sigmoid flexure is 
oftenest involved, next the ascending colon. 

As a rule it is an accident of late or middle life. 

Pain, absence of fieces and flatus, local tympanites and vomiting 
are present. Tenesmus is inconstant. The fajces below the twist, 
when evacuated, may contain blood. Constipation i*esistant to cathar- 
tics follows. 

PaljHition. Sometimes the flexion can be palpated, or we may 
discover in the lower abdomen near the median line a resistant, air- 
cushion tumor of varying size. 

Percussion evolves dullness or tympany according as the sigmoid 
is full or empty. Metallic tinkling is occasionally heard. The imme- 
diate return of water injected into the rectum and the ability to inject 
only small quantities aid in the diagnosis. 

Iniussuscciytion is the invagination of one portion of the intestine 
within the lumen of another portion. It may occur at any age, but is 
especially prone to atfect infants and young children, and appears 
suddenly. 

Symptoms. Spasmodic pain, tenesmus, blood in the stools, which 
continiu* until the distal portion of the bowel is evacuated, and the 
presence* of a palpable tumor, hard and sausage-like, over the ascend- 
ing or transverse colon make certain the diagnosis. Blood in the stool 
is found in over eighty per cent, of the cases. Intussusception oc- 
currinir during the death agony is not to be mistaken, when found 
post-mortem, for the above. 
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GALL STONE DISEASE. 

Synonyms: Cholelithiasis, Hepatic Colic, Litho^enous Biliary 
Catarrh. 

Definitittn. An acute or chronic affection of the p:all bladder 
and ducts, jrenerally inflammatory, resulting in the formation of 
calculi. 

Bacterial invasion is a potent, if not the sole, cause. 

The sufferers are ^renerally women who have borne children; 
persons between the a«j:es of thirty-five and fifty. In many cases 
stones e.xist without causing inconvenience. Stones are single and 
large, or multiple and small. Permanent obstruction of the cystic 
duct results in dropsical enlargement of the bladder — hydrops vesica 
fcllca — which results in a cystic tumor discernible in the upper 
abdomen, and easily recognized. 

The general symi)t()ms of the colic are produced by the passage 
of the stone through the duct or by its lodgment therein. The former 
is the cause of ordinary biliary colic. 

i'^ymptoms. Pain, severe, even agonizing, which comes on sud- 
denly. Generally centering in the right hypochondriac region it 
radiates over the epigastrium, lower thoracic region and into the right * 
slioukler and arm. 

l\iJpation. Tenderness which centers over the gall bladder is 
m.inifest and the bladder may be palpable. With relaxed abdominal 
walls gall stone crepitus is occasionally felt when the bladder is not 
over-filled with stones and its walls are not too tense. Occasionally 
the muscles of the right side are rigid. Enlargement and tenderness, 
of the liver, and enlargement of the spleen, are discoverable by palpa- 
tion and percussion. When the stone reaches and blockades the com- 
mon duct it produces jaundice, which may be slight and transient, or 
intense and protracted. The colic lasts hours or days, ending sud- 
denly with the discharge of the calculus into the bowel. (For recov- 
ery and recognition of gall stones, see Section XVI.) Rigor and' 
chill are occasional. Fever is generally present; temperatures of 
102° — 103° are common, 105° is exceptional. Vomiting and pro- 
tracted nausea are usual. The urine contains bile when jaundice 
occurs, and bile in the urine frequently precedes its manifestation in 
other localities. Albumin and red blood corpuscles are found ia 
most cases. 
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Difftnntial Diagnosis. The location of the excruciating pain 
and tenderness are ahnost sufficient. If jaundice occurs the dia^musis 
is sure. Stone should always be sought for in the stools. History 
of previous attacks greatly aids. , 

From renal colic it differs in the location and character of the 
pain. There the pain is in the lower abdomen, radiates to groin and 
testicle; icterus is not present, nor is bile found in the urine. Gas- 
tralgia is without chill, fever or jaundice: vomiting is rare. Pressure 
and f(Hjd ingestion afford relief. The attacks are periodical and asso- 
ciated with general nervous manifestations. 

APPENDICITIS. 

IKfinition. An inflammation of the vermiform appendix caused 
by the invasion of micro-organisms. The disease may be acut? or 
chronic. 

The recognized varieties are: Catarrhal, Interstitial, Ulcerative, 
Gangrenous. 

The effects of extension of the inflammation beyond its original 
bounds are circumscribed or diffuse abscess, and peritonitis which 
may be limited or general. These results are brought about by exten- 
sion of inflammation, by perforation or by gangrene. 

Catarrhal apjx ndicitis may result in immunity from further 
attacks by adhesion of the contiguous surfaces producing obliteration 
of the lumen — a fortunate but rare result. Obliteration of the prox- 
imal portion may result in abscess or cyst of the distal part. Foreign 
bodies are occasionally found in the appendix, fa»cal concretions fre- 
quently, but their influence in producing disease has been over-esti- 
mated. The possibility of tubercular and typhoid ulceration of the 
appendix must be kept in mind. 

Children and young adult males are the most frequent subjects 
of attack. 

Symptoms and physical signs. The lighter grades of the disease, 
especially the catarrhal variety, undoubtedly often pass unnoticed or 
occasion only slight pain, passing fever and some disorder of the 
bowels. The interstitial form gives rise to more definite symptoms, 
occasioned by involvement of the peritoneal coat. The gangrenous and 
ulcerative forms may be insidious but usually give rise to definite 
symptoms. The oncome of gangrene sometimes lulls the pain end 
masks the pre-existing signs. 
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The first, most constant and invariable sign of appendicitis is 
pain, paroxysmal or colicky. In the bejrinninjr this initial pain is 
intermittent or remittent, variable as to seat and severity. Oftenest 
eenterintr around the umbilicus or over the epijrastrium, less often in 
the riirht iliac fossa, it finally settles over the seat of the appendix after 
a time varyinjr betwetMi twelve and thirty-six hours. If the or^^an is in 
an anomalous position the scat of pain will be likewise. The tjeneral 
location is now in the fossa at a point on a line drawn from the 
umbilicus to the riirht anterior superior iliac spine, distant one and 
one-half to two inehes therefrom. This point is external to the rectus 
muscle and is known as Mcj^urney's point. The i)ain is called th«* 
secondary i)ain. 

Allied to i>ain is h ndrrnrss, the stM'ond cai'diiuil symptom. This 
may be limited to a rather small an^a s^u'rtnuulin*; the underlying 
intlammatoiy focus or may extend ovci* the entire ri<rht half of Ihe 
abdomen. Xot infiMHjuently the lower i-iirht (piadrant limits the ten- 
derness. \Vh(Mi the entire belly is affeclcd it ])oints to an extension 
of intlanunation bi\vond the orijiinnl focus. The seat of nuiximum 
tenderness and maximum pain usually coincide and correspond to 
the point named above, but the pain may subside and tin* tenderness 
remain. In case of sui)puiation the teiul'Tiiess becomes exipiisite. 

As first pointed out by Denver, the third most siirnificant syni])- 
tom of appendicitis is rif/iditff (ff tJu nnixhs of the rinht sith <tf thf" 
nb(htm( H, particularly the rij^ht i-ectus. This riiridit\ comes on early 
and lasts throu^dicmt the i)rimary sta^e of the disease, or until sup- 
puration, abscess, ])eritonitis or declination of the inflanunation 
succeeds. 

In case the diseasi' progresses unfavt)itibly the pain, tenderness 
and nuiscular riiridity niay subside, oi* ai'c wholly or partly n^placed 
aft(M' a varyin^r tim(\ «renerally two or thi'e»» days, by a localized swell- 
iuM:, or by a ^(Mieral distention of the abdomen. The local swelling 
varies in size and consistency but is usually above the size of a small 
lemon, lyintr well within the iliac fossa above Poupart's ligament. 

Peritonitis resulting from suppuration does not differ in its 
manifestations fnmi peritonitis herein described due to other causes. 

Vitmiliiuj is a general and early symptom. While usually ceasing 
with the evacuation of the stomach, occasionally bile and even fiecal 
matter are vomited. Contiinied vomiting is an unfavorable <mien, as 
is likewise hiccough. 
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F(ver is always present. Although in the early stages its severity 
can not be accepted as an index of the gravity of the attack, yet in 
general its decline is a favorable symptom. Suppuration is accom- 
panied by a maintained or rising temi)erature. The characteristic pus 
curve rarely is present. Suppuration may occur after the decline of 
the fever, as may also gangrene. Continued or increased tenderness 
is a valuable sign of these conditions. 

A sudden fall of temperature, cold bedewed skin, small pulse, in 
short the signs of collapse, indicate perforation. It is to be remem- 
» bered that the severity of the disease may increase without any ther- 

mometri(» warnings. Even afebrile cases are said to occur. 

The puU( varies with the fever; at first rapid and full, with un- 
I favorable progress of the disease it becomes rapid, small, thready and 

compressible. Deaver considers the pulse changes a more reliable 
index to the disease than the temperature chart. 

The bowels are usually eonstii)ated at the outset and the malady 
very rarely succeeds upon an attack of diarrhoea, but diarrhiea may 
intervene after the beginning of tht? attfiek, and, on the whole, in my 
own experience is to be considered a favorable symi)tom. Alternate 
diarrha'a and constipation may occur during the disease. 

The urine is febrile, may contain albumin and casts. As men- 
tioned hereafter the presence of indican is indicative of suppuration. 
Trobilin is often present. 
The blood changes are given in Section XII. 

Physinil Sifpts. Inspection in most easels is negative. The 
patient usually lies upon the back with the right leg Hexed. The 
expression indicates pain. In advanced cases the look is anxious. At 
•first there is slight retraction and fixedii(»ss oF the right side. If tumor 
forms swelling is observable but seldom reaches large proportions. 
It may exttMid backward to the Hank. The* resultant paralysis of the 
bowel may cauM' local or general distention of the abdomen. Peri- 
tonitis is accompanied by rapid distention of the abdomen and exten- 
sion of the swelling. With the peritoneal involvement the respiratory 
rhythm is interrupted, the abdomen restrained and the breathing 
becomes costal. 

Pa1pafi(ni. The ditft^rcnce in the detrree of resistanct* oH'ei-ed by 
the two recti mus(*les is marked and continues throughout the first 
stage of the malady. On deep palpation an an^a of resistance corre- 
sponding to the <*xtent of the disease is often encountered in the right 



DISEASES OF THE ABDOMEN 279 

iliac fossa. This area is generally oblotig with the axis parallel to 
Poupart's ligament. The tenseness of the abdominal walls may inter- 
fere with the manifestation. If actual tumor is present it is »renerally 
palpable and is significant. Fluctuation is detected only in rare cases. 
Pain and tenderness are manifest on palpation. A difference in the 
temperature of the two sides is sometimes observable. 

Percussion shows a localized area of impaired resonance sur- 
rounded by tympany. Marked flatness seldom obtains. Paralysis of 
the bowel with resultant distention increases markedly the tympany. 
Overlying intestine may mask the dullness. 

Auscultation may aid percussion in delimiting the tumor. Dis- 
tention due to accunmlation of gas, and distention caused by intes- 
tinal paralysis may be differentiated by auscultation. In the first the 
peristaltic sounds are present ; in the second, absent. 

Differential Diwjnosis. When the symptoms described are pres- 
ent the diagnosis is comparatively easy. When most of them are 
absent the cases require careful consideration. Sudden attacks of 
intestinal colic due to food irritation are most confusing. But the 
history of the case, the I'apidly succeeding diarrluea, the absence of 
tenderness in the right fossa and the relief which succeeds upon free 
purgation decide the matter. 

Obstruction of the bowel may be mistak(»n for appendicitis, 
or vice versa. Obstruction is primarily afebrile, the pain nuiy be 
located at any point, peri.stalsis is absent. Other features of that con- 
dition are detailed elsewhere. Ftecal accumulation should not be 
mistaken for tumor. Ovarian inflammation can be excluded by bi- 
manual examination. Floating kidney is movable. In nephritic colic 
the pain is deeper-seated and radiates into the testicle and groin. The 
urine gives evidence of the kidney affection. 

THE LARGE INTESTINE. 

The colon begins with the caecum in the right iliac fossa, passes 
vertically upwards on the right side to reach the under surface of the 
liver, traverses the cavity below the stomach to the spleen, makes a 
second rectangular bend and descends into the left iliac fossa as the 
sigmoid flexure and rectum. Its length varies extremely, being some- 
times a trifle over a yard and at others being over two yards long. 
(1 to 2 m.) 

The large intestine encircles the small intestine horseshoe-like. 
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Inspection. Oceasionally in badly-nourished, marasmatic and 
rickety children the outline of the distended transverse colon may be 
distinctly seen. The peristaltic movements of the bowels may be seen 
occasionally in health and when increased are more visible. 

Palpation. When the colon is distended with solid or semi-solid 
contents the enlarjrement may be felt. The fiecal contents are most 
apt to accumulate in the left iliac fossa, then in the ri^ht, but even 
the transverse colon may be filled. These accumulations are recog- 
nizable on palpation by their peculiar lack of elasticity, and although 
hard and resistent, when [)ressed upon by the ends of the fingers they 
indent like a hard snow-ball and the indentation remains after the 
removal of pressure (Simpson). 

Percusifion. The note of the empty colon is more truly tympan- 
itic than that of the stomach; its quality is somewhat amphoric. By 
percussion the situation of the solid aggregations of the bowels may 
be marked out on the surface. Dullness is more apt to obtain over 
the descending colon than over the ascending, and Bennett points 
out the practical value of this fact in determining whether the patient 
should be given a purgative or an enema. If dullness is found in the 
right fossa an enema will fail to relieve the bowel and a purgative 
is indicated. 

These accumulations might be mistaken for enlargements of the 
spleen and liver but their peculiar feel and their transitory nature 
should distinguish them. 

Enteroptosis, or falling of the intestines, gives rise to no recog- 
nizable physical signs. Coloptosis, or descent of the lai-jre intestine, in 
which the transverse colon may lie upon the symphysis, may be recog- 
nized by ])ereussion. 

DYSENTERY. 

Df fin it ion. An acute or chronic infectious intianimation of the 
larire bowel characterized by frecpient bloody, mucous or serous (evacu- 
ations, associated with tormina and tenesnuis. 

Two forms are recognized, bacillary and amcebic. The disease is 
epidemic and universal. Shijza and Flexner have each isolated a 
bacillus. 

Of the first form acute, catarrhal, croupous and hu'inorrhairic 
varieties are rrcojiuized. F^ither form may he chronic. The liver is 
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often involved and abscesses, minute, multiple or larpe, of this org:an 
are not infrequent. 

Symptoms. Frequent stools, abdominal, colicky pains and fever 
mark the simple acute form. In the catarrhal variety the stools are 
more frecpient, twenty to fifty daily, diarrhoeal, consisting principally 
of mucus admixed with blood, and voided with much pain and 
tenesmus. 

In the croupous form the stools are mucoid and bloody from the 
bej]:iunin<r and may soon consist almost entirely of blood. The evacu- 
ations arc* very frequent and accompanied by severe tormina and. 
tenesmus. Recovery is .slow. Death may occur from exhaustion ; per- 
foration, peritonitis or ^anprrene of the bowel may supervene. 

Special Symptoms. Fever is slight in mild cases, moderate in 
severe cases, seldom exceeding 102°. Amoebic dysentery may be 
afebrile or the tem{)erature may be comparatively high, reaching 104°. 

In the simple catarrhal form pain is not severe: in the graver 
forms ])ain is excruciating, especially if due to ulceration, but is 
temporarily relieved by the passage of flatus or fapces. The passages 
are diflficult and require nuich painful straining effort. 

Tenderness is marked over the entire abdomen and with ulcera- 
tion becomes exquisite. The ])atient lies on the back with the thighs 
flexed. Peristalsis is visible. Tenenuis is almost continuous; paraly- 
sis of the bowel and prolapse of the rectum often occur. Nausea 
and vomiting complicate some acute ca.ses, as do also strangury and 
vesical tenesmus. Necrosis, perforation and peritonitis are accidental 
complications not infrequent. 

The stools at first are diarrhceal but faecal matter may entirely 
disappear or be present only in minute cpiantities. They then ccmsist 
of blood-stained mucus with perhaps small fjccal masses intermingled. 
Blood, either red or chocolate color, may be passed ; tarry stools are 
not usual. In cases of gangrene necrotic masses with offensive odor, 
dark-brown or black in color, are voided. In the diphtheritic variety 
pseudomembrane and dead mucous membrane oc<*ur in the stools. 
Bacteria, ama?bae and other organisms abound. 

Aijijlutination test. A specific serum reaction of the blood simi- 
lar to the Widal reaction of typhoid fever is observed in most cases 
of dysentery, but in mild cases is slight or doubtful. It is limited to 
the bacillary disease and does not take place prior to the tenth day. 

Differcntml Diagnosis. Cancer of the rectum is slower of devel- 
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opment, is accompanied by constipation, and digital examination or 
tjie procftoscope jreuerally reveal the growth. Particles of the new 
growth are found in the stools and microscopic examination reveals 
their nature. 

Cancer of the bowel gives no physical signs other than those of 
obstruction unless tumor develops. The discharges may contain 
fragments of the growth, mixed with pus and blood. 

THE LIVER. 

Perfect familiarity with the normal boundaries of this organ is 
essential to the study of the physical signs indicative of its maladies, 
since the diagnosis in cases of hepatic disease is chiefly determined 
by the recognition of alterations in its size, shape, consistency, position 
and the state of its surface, obtained by palpation and percussion. The 
percussion boundaries of the organ have been given in the section 
on medical anatomy. It is necessary to remember that the liver is 
suspended and very movable, altering its position under various 
circumstances. It is depressed with each inspiration, its lower bordei- 
projecting below the ribs with a full breath. It recedes under the 
edge of the ribs on lying down, and when lying on the left side is not 
in close contact with the chest wall. In children the gland is propor- 
tionally larger than in adults and the edge is always palpable below 
the border of the ribs on the right, and the left lobe extends into the 
left hypochondrium. 

While the upper boundary of the liver changes but little, except 
in conditions which cause depression of the diaphragm, as pleural 
effusion and emphysema, which have been discussed in the section 
upon lung and pleura, yet it is necessary to determine this out Hue. It 
is done by light ])oreussion from above downward until the change of 
note in the overlying lung tells us that a solid organ has biHMi reached. 
We percuss along the anterior median line, the right nipp!e-line, the 
mid-axillary line and th<» right niid-seapular line respectively, and 
draw a pencil through the points so determined. The* houndaiy will 
be found gen<»rally to eorres])ond to the base of the ensifonn cartilage 
for the first point, th** fifth right interspace for the s<»eoncl, thr sev- 
enth rib for th<» third, and the ninth rib posteriorly for th(^ last. Tin* 
lower bordt'r is easily fixt»d by percussion, as the change from flat- 
ness to the tympany which marks the contact of the intestines with 
its free border is unmistakable. The normal width is about four 
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inches measured along both the nipple and the mid-scapular lines, 
and a trifle more in the axillary. In women who have been the vic- 
tims of tight-lacing these widths are increased, but the constriction of 
the waist line will plainly indicate the reason. In extreme cases the 
right lobe is separated by a transverse furrow or band and the lower 
portion, which is abnormally movable may extend to the iliac border. 
The possibility of mistaking this artificial lobe for an abdominal tumor 
or movable kidney is corrected by following the free liver edge from 
the e])igastrium downward and from the lumbar region forward until 
they unite at the doubtful point. In other cases a continuation of 
dullness on percussion without interruption to any considerable extent 
below the i-ight border of the ribs points to the liver as the organ dis- 
eased. 

(']ian(/(s in the Position of the Liver. Elongation of the sus- 
pensory ligament causing floating liver is very rare. Displacement 
to the right or left or tilting of its lower edge is associated with vari- 
ous abdominal and thoracic atfections. 

(linnf/es in the Size of the Liv(v. The liver is increased or 
diminished in size in almost every disease to which it is subject. 

Its size is increased in the active congestion which accompanies 
many diseases, in passive hypera^mia, in all inflammations causing 
obstruction of the bile ducts, in abscess, in fatty and dropsical infil- 
tration, in hypertrophy, in parenchymatous and amyloid degenera- 
tions, in hypertrophic and biliary cirrhosis, in cancer, cysts, and 
echinococcus cyst of the organ. 

The volume of the liver is diminished in atrophy, in acute yellow 
atrophy and atro])hie cirrhosis, in fatty degeneration and syphilis 
of the liver. Perihepatitis results in contraction of the organ by pres- 
sure, and tuberculosis of the liver is usually associated with cirrhotic 
eontraction. 

J*assiiu hypereiniio. The liver is enlarged, tender and may be 
the seat of pulsations. The enlargement is subject to variations, 
ascites occurs late ; jaundice is rare. 

Obstruction of the bile ducts is associated with pain, fever and 
jaundice. 

Abscess gives rise to pain or tenderness, fever, chill, sweats and 
jaundice. The enlargement may be upward into the axilla especially 
if the lateral or the posterior part of the right lobe is the seat of 
abscess; and the edge is pushed downward and appears below the 
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edge of the rilm. If the abscess is supei'fieial and \^rg^, soft tl actua- 
tion is detected; in other eases tenderness and elasticity. The or^an 
may reach enormous size. 

Fatty infiltrafhn produees a moderate, unifonii eniar^^ement 
which has a c\mhion-like feel. The normal shape is iinahered, the 
lower ribs do not tlare- Ascites is not a se(^uenee and the nnperiieial 
veins are nnaltered. The orphan reaehes the umbilicus and the edi^e is^ 
routidcd and ill-defined; pain and tenderness are lacking. 



Fig. 68— The Liver— Ngntial urta uf percussion duUncss. The zptx impact is 

at A. 

Dropsiva! hifiHratittn accompanies general dropsy .such as was 
described under dropsical i^ft'usions. 

Ainyfmd lirtr reaehcs a size only surpassed by cancer of the 
Of^an. The enlargement is uniform in all directions and painless. 
It \h of slow jirowth, extendinir ewer two or three years, and may fill 
the entire abduirunal cavity. Hie tumor is characterized by its density 
and resistance. The edge is Hharphj dffiued. Ascites almost never 
occurs. The surface is perfectly smooth. 

Ilyptrttripltk cirrha^is occasions .jaundice. The liver is enlarged 
but the surface is smooth. Ascites is absent. 

Cancf r fjives rise to nodular enlargement of the liver, ass^iciated 
with tenderness and enlargement of the superficial veins; jaundice 





The Volume of the Liver in Various Diseases (after Rindfleisch)> 

A. The diaphragm displaced upward in carcinoma* B. Normal position of 
diaphragm. C. Line of relative dullness* D* Edge of Uver in cirrhosis* 
E. Normal liver* F, Fatty liver. G, Amyloid liver* H. Cancer, leukemia, 
and adenoma. 
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and ascites are both fre<iiient. The liver enlarj^es into the left 
hyi)oeh()ndriuni, pushes the diaphragm upwards and the free border 
descends even to the crest of the ilium. Cancer without nodular en- 
largements is recognized by the size of the organ, the cachectic symp- 
toms and the jaundice. 

Echiuiwovcus causes enlargement with elasticity or fluctuation and 
the hydatid thrill may be felt by the superimposed hand on tapping 
over the enlargement. The thrill is a vibrating, tremulous movement 
similar to that obtained by tapping upon a bag of jelly. 

Ijj/mpha(l( nomnta and lymphonuitous nodules occur in the liver 
in the course of leuka^mic lymphadenomata. in typhoid fever and 
other infectious diseases. 

Atrophic cirrhosis of the liver gives rise to ha»morrhages, abdom- 
inal dropsy which is profuse and cpiickly recurs after reduction, and 
oedema of the extremities. The caput Medusa* is developed. Jaundice 
is absent. The area of liver dullness may be determined by placing 
the patient upon the left side, so that the dropsical accumulation will 
gravitate away from the hepatic region. The intestines will float up 
and indicate by the characteristic tympanitic note the boundary of 
the liver. T^sually the dullness stops about an inch above the lower 
thoracic border and extends no farther than the median line in front, 
instead of into the left hypochondrium. 

After paracentesis the flaccid condition of the walls allows us 
to i)alpate the surface of the organ, which will be found to be rough 
and studded with small nodules. 

Simple atrophy shows diminution in size of the organ, the sur- 
face remaining smooth, ascites being absent. 

Acute jjellow atrophy gives origin to few characteristic symptoms. 
The disease progresses with great rapidity, so that in a few days the 
area of liver dullness may be entirely wanting. The acute symptoms 
are those of a severe gastro-intestinal catarrh, jaundice, followed by 
abdominal pain, delirium, coma, haemorrhage, from mucous mem- 
branes and even the skin. These, and the rapid course of the disease, 
are characteristic phenomena. 

Syphilids may appear as atrophic cirrhosis resulting in irre^lar 
lobulated contraction more characteristic than the non-specific cirrho- 
sis ; as gummata, followed by cicatrices, ot as diffuse connective tiasue 
hyperplasia. 
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Differential Diagnosis, Conditions which may lead to the error 
that the liver is the seat of disease are : 

(a) Displacements of the organ by diseases of the right side of 
the chest, as extensive pleuritic effusion and pneumo-thorax. Here 
we have the symptoms of these diseases to account fully for the 
change. 

(b) FaBcal accumulations in the ascending and transverse colon ; 
which are by no means easy to exclude as they give rise to a tumor 
below the edge of the ribs and the area of flatness and resistance seems 
to be continuous both to palpation and to percussion. The lack of 
elasticity and the indentations produced by palpation are aids. In 
case of doubt, enema and purgatives remove the source of error. 

(c) Enlargement of the right kidney. When this organ increases 
considerably in size it may extend to the under surface of the right 
lobe of the liver. By placing the patient on his back and relaxing 
the abdominal walls the finger tips feel the apex of the kidney sloping 
downward and inward instead of outward and upward, and the fin- 
gers may pass vertically between the borders of the two organs. 

(d) Cancer of the stomach is movable, its note is dullness over- 
lying tympany and the two areas do not fuse. 

(e) Enlargements of the spleen are told by the shape, the posi- 
tion and the increasing flatness which obtains as we approach the 
normal area of the organ. 

THE SPLEEN. 

Except in so far as it participates in the maladies orijrinated by 
other organs, the spleen is subject to but few diseases, and owing to 
the comparative isolation of its situation, as well as what may be called 
its physiologic exclusiveness, these give rise to but few symptoms 
which serve to attract attention to the gland. For these reasons diag- 
nosis of its morbid conditions often presents greater difficulties than is 
the case with any other abdominal organ. 

Situafion. This organ occupies the upi)er portion of the left 
hypochondrium. It is not palpable in its natural state and lies deeply 
imbedded between the fundus of the stomach and the diaphragm in 
the axillary line. Its outer, phrenic or convex surface rests against 
the convex arch of the diaphragm, which separates it fi'oni the thoracic 
w^all below, while the upi)er portion of this same surface is separat^^d 
therefrom by the fiu'ther interposition of the pleura and to a slight 
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extent the edge of the lung. The external surface extends from the 
eighth to the eleventh rib. Its long axis is oblique and its direecron 
and position nearly that of the tenth rib. In front lies the stomach, 
and colon ; to its inner side it is also in relation to the stomach as well 
as to the pancreas and left kidney. Vertically it lies between the 
ninth thoracic spine and the first lumbar spine. Its inner extremity 
is within two* inches of the mid-dorsal line. Its outer extremity is. 







Fif?. 69 — The Relation of the Spleen to the left kidney. The hgnres refer to- 

the ribs. 

behind the mid-axillary line. A line drawn from left sterno-clavicular 
junction to the tip of the eleventh rib bounds it anteriorly. 

Percussion area. To ascertain its boundaries place the patient 
on the right side. The anterior border is readily determined by the 
contrast between splenic dullness and the tympany of the stomach and' 
intestines. Above, the limitation is determined by reaching pulmon- 
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ary resonance. Below, where the spleen and kidney are in contact it 
is impossible to separate the two by percussion. The area thus deter- 
mined is about four inches long and three wide. 

The spleen may be increased in size by disease, and atrophy is 
possible but would probably pass unrecognized in life. It is subject 
to acute swellings in the course of fevers and is chronically enlarged 
in the following conditions: 

Congenital syphilis, and in acquired syphilis when amyloid de- 
generation attacks the organ; in alcoholic cirrhosis and in Hanot's 
hypertrophic cirrhosis; when it is the subject of tuberculous lesions as 
occasionally happens; in anthrax, as evinced by the older name for the 
malady-«-splenic fever. In these forms and in Hodgkin's disease and 
lymphatic leuktemia the spleen is moderately enlarged. In rickets it 
is often palpable. The organ is greatly enlarged in spleno-medullary 
leukaemia and in palludism, in which its size takes second rank. In 
typhoid fever it is considerably enlarged at the end of the first week 
and is palpable unless pushed back under the diaphragm by a dis- 
tended colon, in which case the normal area of dullness may be les- 
sened or even disappear. In death after the fourth week, atrophy 
of the spleen is not rare. 

Enlargements of the spleen are smooth, uniform and solid, with- 
out either pain or tenderness. The oblong mass is felt directly under 
the integument extending from under the ribs on the left side forward 
towards the median line, which it may reach, or downward towards 
the crest of the ilium, and can scarcely be mistaken or overlooked. 

The upper edge is rounded, the lower sharp and the notch or 
fissure may be apparent. The tumor is somewhat movable. 

The tumors which might be mistaken for enlargements of the 
spleen are enlargement of the left lobe of the liver, feecal accumula- 
tions, ovarian disease, enlargement of the left kidney and possibly 
cancer of the cardiac end of the stomach. The first can be distin- 
guished by tracing the organ across the median line to the right 
hypochrondrium where it connects with the right lobe. The differ- 
-ential points of the second have been named. The character of ovarian 
tumors will be considered hereafter. The left kidney may enlarge 
forward towards the left hypochrondrium and assume a position anal- 
ogous to that of the spleen, but the tumor may be traced backward 
into the loin, where will be foiuad its chief bulk, and ia much more* 
jfixed. 



DISEASES OF THE ABDOMEN 289 

Tumors of the spleen enlarge forward and whenever the enlarge- 
ment is considerable, project from under the ribs and fall forward 
when the patient is placed in the knee-breast position. Cancer of 
the stomach could not readily be mistaken for splenic enlargement 
unless attachments had formed, which is unlikely. The dull note 
overlying large tympany on deep percussion aids in the decision. 

THE KIDNEY. 

The situation of the kidneys has been given with sufficient ac- 
curacy in the section upon medical anatomy. The right is in relation 
above with the liver, below with the csecum, anteriorly with the 
ascending colon, behind with the diaphragm. The left is in relation 
above with the spleen, in front and below with the colon, behind with 
the diaphragm. 

It is by no means a simple matter to determine by percussion the 
normal outlines of the kidneys in well-developed muvscular or corpu- 
lent individuals, much less to ascertain diminution of their volume. 
By palpation and percussion the normal areas are obtainable, and in 
spare subjects and persons with well-relaxed abdominal walls they 
may be ascertained with considerable accuracy. In enlargement of 
the organs the task is sometimes easier. 

Inspection rarely furnishes any evidence. 

Palpatian from behind is often negative: in enlargements the 
external borders may be felt to project beyond the free edge of the 
quadratus lumborum. When, however, the patient is supine, one 
hand being placed in the lumbar region, with the other pressed firmly 
downward and inward the organ is felt, and if enlarged the tumor 
may be pressed backwards and by bi-manual palpation its size, situa- 
tion, consistency and possibly its nature determined. 

Percussion. The position of the patient should be prone, which 
allows the intestines to float upward, the spleen and liver to project 
forward, and any accumulation of fluid which may be present to 
gravitate away. The external margins are indicated by a tympanitic 
note. Inwardly the dullness coalesces with that of the vertebrae. 

Enlargements will increase the lateral area of dullness. 

Absence of one kidney is frequently observed. The opposite 
organ may be hypertrophied. 

Displacement of the kidney is congenital or acquired. The dis- 
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placement may be in any direction; most frequently it is into the 
pelvis. 

Acquired malpositions are oftenest met with in women after 
repeated pregnancies, or caused by tight-lacing, diseases and displace- 
ments of the liver. The right is more frequently displac^fi than the 
left. 

When the elongation of the peritoneal reflection is such that the 
kidney descends into the abdominal cavity, it may be readily felt 
through the anterior abdominal wall by placing the patient on the 
back with the thighs flexed, grasping the tumor in the palm of the 
hand. The normally dull area in the lumbar region is replaced by 
tympany. The organ's size, shape and smoothness distinguish it 
from mesenteric tumors. When pressed upon it glides away into the 
abdominal cavity and wholly disappears. 

The kidneys are enlarged in active and passive hyperemia, in 
oedema, in acute diffuse and acute catarrhal nephritis, but in none of 
these is the increment possible of detection by the physical signs. In 
hypertrophic and amyloid kidney, in which disorders the organ may 
be enlarged to twice its normal bulk, the enlargement should be de- 
tected. Sarcoma, carcinoma, calculus pyelitis, hydronephrosis, cystic 
dilatation due to obstruction, or congenital cysts, the latter affecting 
both kidneys, are of large size and the tumor readily diagi osed. 
Echinococcus cysts are rare. 

THE BLADDER. 

When empty the bladder reposes behind the symphysis and can- 
not be detected. When distended it rises above the pube43 and a visible 
tumor appears in the hypogastrium, which is elastic, smooth and mod- 
erately hard on palpation. On percussion its dome-like area is easily 
determined by its flat note contrasted with the tympany of the intes- 
tines in contact with it. In children the bladder is normally higher 
than in adults and can be detected even when partially filled. In 
females an ovarian tumor or an enlarged uterus might be mistaken 
for a distended bladder, but the catheter would resolve the doubt. 

THE UTERUS. 

The normal, unimpregnated uterus is situated deep in the hypo- 
gastrium and is inaccessible to ex^ternal palpation or percussion. 

When enlarged from any cau.se its boundaries are determined by^ 
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these methods with readiness and exactness; and when impregnated 
auscultation furnishes us with confirmatory evidence. Pregnancy 
cannot be differentiated from other smooth, uniform, progressive^ 
enlargements of the uterus by palpation or percussion, yet the shape' 
of the enlargement is nearly if not (|uite distinctive. The pregnant 
uterus is egg-shaped with the large end up, while the swelling of 
ascites, which gives to the abdomen a similar appearance when the 
patient is erect, with the patient on the back, is Hat, the flanks flaring.. 
Tumors of the womb are seldom symmetrical and regular. Ovarian 
tumors are spherical. 

After the fourth month of pregnancy is past adventitious sounds 
are to be heard on auscultation of the uterus containing a living 
foetus, viz: The placental bruit and the foetal heart sound. The 
patient is placed upon the back with the thighs flexed, the abdomen 
uncovered. With the stethoscope different areas are carefully and 
attentively examined until the presence or absence of the sound is 
determined. The areas over which they are heard are circumscribed 
and their intensity is not great, hence care must be exercised lest they 
be overlooked. 

The placental bruit may be heard at an earlier period than the 
foetal pulse. It is an intermittent, blowing sound, single, and was: 
called the bruit de souffic, or bellows nnirmur, by its discoverer, M. 
Kergaradec (1823). It is sometimes hissing. In time it is synchro- 
nous with the maternal pulse. It varies in character and is sometimes 
present and disapi)ears at others. Also its seat and the areas over 
which it is heard vary in different cases. Delens asserts that it can be 
heard as early as the third month. During labor its intensity is 
greatly increased. A similar bruit is sometimes present in uterine and 
ovarian tumors. 

The foetal heart sounds have long been likened to the ticking of a: 
watch enveloped in a napkin. They may be heard in the course of the- 
fourth or fifth month (Cazeaux). The pulsations.aue double, short, 
and rapid and vary from 130 to 160 per minute. The two sounds, 
vary in intensity, the second being the clearer, more sonorous and 
more distant. They are most often audible on the anterior, inferior 
abdominal wall, just above the iliac fossa, but the location varies. 
Twin pregnancies may occasionally be foretold by hearing the heart 
sounds at distant points over the tumor and by the absence of syn- 
chronism in the two sounds. The pulsations of the maternal arteries. 
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could be mistaken for the intra-uterine sounds only when the pulse is 
abnormally rapid, and even then the quality would materially differ. 
When inaudible in one position the foetal sound may be heard by 
■changing the position of the mother. Total cessation after having 
been present, indicates the death of the foptus. 

Tumors of the Uterus. These occupy the same area as the uterus 
enlarged by pregnancy. Their outJine can be established by palpation 
and percussion. The peculiar hardness and elasticity, the position and 
shape, readily establish their connection with the womb. Doubt is 
dispelled by external palpation and the use of the uterine sound. 
Irregular and nodular growths can be felt through the abdominal wall. 

Ovarian Tumors. The ovaries, like the bladder and the uterus, 
in the normal state give no evidence of their existence to external 
palpation. When, however, they become enlarged by disease, they rise 
from the pelvis into the abdominal cavity and their outline becomes 
apparent on palpation. Percussion gives a sharp line of demarcation, 
owing to the gro\\i:h being surrounded by intestines. When ovarian 
growths reach enormous size they occupy the entire anterior abdominal 
cavity, pushing the intestines backward and upward into the dome of 
the diaphragm and raising that structure to its highest possible 
stretching point. When small and first attract the attention of the 
patient they may be confined to one or the other iliac region, but 
oftenest they are central when first observed. They are of frequent 
occurrence, and as the medical man is most often first sought for 
advice, a few salient points upon their diagnosis is not amiss. 

If the tumor has not risen from the pelvis a bi-manual examina- 
tion will reveal that the growth is lateral and not central ; and if the 
former, the notch or interval which separates it from the uterus is 
ielt. By palpation and the aid of the sound the independent mobility 
of the two is established. The sound shows increase in the depth of 
fhe uterine cavity in tumors of that organ, which is absent in ovarian 
disease. 

When the tumor has risen into the abdominal cavity inspection in 
the earlier stages shows the uneven and unsymmetrical development 
of the tumor due to its occupying the iliac or lumbar region of one 
side, whence it grows towards the umbilicus. Later, when the entire 
abdomen is occupied, the tumor projects as a smooth, spherical, fairly 
j^ymmetrical swelling which differs from the central rounding of preg- 
nancy and from ascites in the manner stated. 
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Palpation, Small ovarian growths are firm and elastic, the large 
ones fluctuating and soft. When only a portion of the abdomen is 
occupied by the tumor its outline can be determined by palpation and 
percussion. The sense of fluctuation varies, increasing with the size^ 
but is usually quite distinct in all cases. 

f^ercusswn gives a flat sound over the area occupied by the tumor, 
with tympanitic resonance over the areas occupied by the intestines. 

Diagnosis. The diff*erentiation of ovarian dropsy from ascites is 
easy, yet confusion frequently arises. Hence the following distinctive 
points are noteworthy. 

Inspection. Ovarian tumors project forward and are rounded 
and central whatever be the position of the patient. In ascites the 
form changes with the position : when the patient lies on the back the 
enlargement is uniform and the abdomen is flattened. 

Percussion made in the supine position gives dullness over the 
surface of an ovarian tumor, while in ascites, because the intestines 
float on the fluid, the resonance is tympanitic above and dull as high as 
the fluid extends. 

Change of posture alters the area but little in ovarian dropsy but 
markedly alters it in general dropsy. 

These points and the evidence of cardiac, renal or hepatic disease 
to account for the ascites should enable one to decide the question. 
Renal cysts push the intestines forward, not backward ; and pus, blood 
and albumin appear in the \irine. They grow slowly from above 
downward, and when pushed u{) resonance appears between the tumor 
and the pelvis. The same points apply to splenic and hepatic cysts. 
To mistake pregnancy for ovarian cyst would be inexcusable careless- 
ness. It should be borne in mind that either may arise in the case 
of unmarried females. 

For additional points upon the diairiiosis of ovarian cysts from 
cysts of the broad ligament and from uterine fibro-cysts, the reader is 
referred to works on g\TiaBCology. 

The omentum may be the seat of tuberculous disease and deposit, 
of sarcoma, cancer and of hydatid cysts. The thickening and nodular 
enlargements are easily felt through the abdominal walls in cancer 
and may often be seen. They give rise to a dull area on percussion in 
the upper zone of the abdomen which increases with their growth 
from above downward, and unless extensively adherent they may be 
pushed upwards. The growths are superficial and generally tender. 
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Cancer and tuberculosis of the omentum give rise to ascites and 
the funeral symptoms of the diseases. In a ease of cancer occurring in 
my own practice, small, hard nodules were early detected in the omen- 
tum, which fiSLve the sensation on palpation of small chips of wood 
laid uf)on the intestines. 

Percussion in cancer is woodlike, overlying tjTnpany, until the 
fluid accumulates. 

ASCITES. 

An accumulation of serous fluid free within the abdominal cavity 
is termed ascites. 

The causes are local and general. 

Lr>cal causes are: Inflammations of the peritoneum, simple or 
tul)ercular ; cancer of the peritoneum. 

Ol>struction of the portal circulation within- the liver, as in 
<5irrhosis and chronic passive congestion, or, in the branches of the 
gastro-hepatic omentum by new-growths, peritonitis or aneurysm. 

Pressure upon other vessels, as in the ascites associated with 
ovarian dropsy, due to pressure exerted by the growth. 

Ascites accompanying enlargements of the spleen. 

General causes are those which produce general anasarca, and 
include organic heart and lung diseases, chronic Bright 's disease, and 
hydraemia. Here the cause may operate directly or mechanically. In 
heart disease, when ascites occurs without general oedema, secondary' 
changes in the liver should be sought for. Pulmonary emphysema 
and cirrhosis of the lung exhibit ascites as terminal symptoms. The 
various kidney lesions associated with ascites have been mentioned. 

Inspection. The abdomen is uniformly enlarged, and when the 
patient lies on the back the flanks flare outward. The umbilicus is 
prominent and protrudes on standing. In old and recurrent cases the 
lineai albicantt^s show. In cirrhosis, the superficial veins are prom- 
inent and the caput Medusa* may be present (see Liver Diseases). 

Palpation. Fluctuation is easily felt by placing one hand over 
the lateral area and smartly tapping on the opposite side. The fluctu- 
ation is more api)arent if the patient sharply depresses the linea alba 
with a thin book or cardboard. 

Small (^ffiisions are palpable by placing the patient in the knee- 
hreast position when the fluid gravitates to the dependent part and 
floats the intestines away. In case of large ettusions difficulty may 
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be experienced in palpating the abdominal organs. This may be over- 
come by suddenly deeply indenting the walls with the finger-tips in 
the desired locality, in order to displace the fluid. In cases of consid- 
erable tension even this fails. 

Percussion, The area of dullness surrounds the tympanitic area 
of floating intestines when the patient is in the dorsal position, hence 
the lateral areas are dull, and the height of the dullness rises as the 
fluid increases. The line separating dullness and tympany is sharply- 
defined, and when marked out is ovoid in shape. 

The dullness is movable. When the patient is placed on the side 
the region of the upper flank, previously dull, becomes tympanitic. 
Effusions too small to give rise to dullness with the patient on the 
back are easily discovered by placing him in the knee-breast position. 

The diagnosis of ovarian ascites from free peritoneal ascites has 
been given. The principal diagnostic point is the recognition of the 
causative condition. The heart and lungs show positive signs of ais- 
ease when the dropsical stage is reached, and the dyspncea is out of 
proportion to the pressure caused by the fluid. The liver shows 
enlargement and the superficial veins are its sign-board. The urine 
gives evidence of Bright ^s disease. Cancer of the omentum can be 
felt as lumpy enlargements directly under the skin. Fever, hectic, 
wasting and night-sweats point to tuberculosis. Percussion shows en- 
larged spleen. Blood examination demonstrates its relationship to 
the condition. 



SECTION XIV. 

EXAMINATION OF THE STOMACH 
CONTENTS. 

Introduction. The gastric fluid is a thin, almost colorless liquid, 
acid in reaction, with a sp. gr. of 1001 to 1010. The analysis varies 
greatly with different conditions and different observers. The fol- 
lowing is approximate (Schmidt) : 

Water 994.4 

Organic substances, pepsin 3.2 

Hydrochloric acid 0.2 

Sodium chloride 1.5 

Potassium chloride 0.5 

Other inorganic salts 0.2 



1000. 



The total acidity varies between 0.10 and 0.30. The free acid 
varies between 0.10 and 0.30, normally only reaching the latter point 
on a carbo-hydrate diet. Ordinarily on nitrogenous diet it does not 
exceed the minimal figure. 

The secretion of gastric juice begins immediately upon the inges- 
tion of food but the hydrochloric acid contained in the first portions 
secreted combines rapidly with the ingested proteids and their con- 
tained inorganic salts, the product being acid proteids and acid salts. 
The chief mineral salts are the di-sodic and di-potassic phosphates, 
which are converted into the corresponding acid phosphates. For this 
reason free hydrochloric acid is not found in the stomach contents 
until a varying time after eating, depending upon the character and 
amount of food ingested. After an ordinary meal, free acid appears 
in healthy stomachs in from forty-five minutes to one hour, and the 
amount gradually increases as digestion proceeds, reaching its height 
towards the conclusion of gastric conversion. 
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Fats and starches in superabundance delay its appearance. After 
the Ewald test-meal free acid should appear in twenty minutes. 

With ordinary diet lactic acid is very generally found in the 
stomach contents in small amounts, and under certain circumstances 
butyric and other organic acids may appear, without being manifesta- 
tions of disease. In gastric catarrh, anaemia, during the course of 
fevers, pepsin and hydrochloric acid are considerably reduced. Hydro- 
chloric acid is increased in gastric ulcer and in nervous dyspepsia 
(hyperchlorhydria), and in those queer cases of super-secretion of 
Reichmann and Rossbach (gastroxynsis). 

Fermentative changes may cause lactic and butyric acid to ap- 
pear in large amounts in the fluid, accompanied by gaseous distention 
and sour, gaseous eructations. Excessive mucus accompanies catarrhal 
inflammations. Blood, bile, fragrants of growths, albumin, ammonium 
carbonate and urea occur in special conditions. 

The clinical examination of the gastric fluid is practically limited 
to the determination of: 

(a) The reaction. 

(b) Total acidity. 

(c) Presence of free acid and of acid salts. 

(d) Presence of free hydrochloric acid. 
(o) Organic acids. 

(f) Presence of syntonin, peptone and the pepsin strength. 

The volumetric analysis can be performed readily by those pos- 
sessing even slight skill in laboratory manipulations. The necessary 
apparatus is simple and inexpensive. The standard or volumetric 
solutions are easily prepared or may be purchased from competent 
pharmacists. 

The necessary apparatus is : 

A 50 c. c. burette, graduated to 0.1 c. e. 

A graduated pipette, and one or two graduated cylinders ; one or 
two flasks, capacity 500 c.c. ; or a litre, and necessary test tubes. 

EXAMINATION OF THE GASTRIC CONTENTS. 

The examination of the gastric contents for clinical purposes, such 
as ascertaining the state of the secretion, the motor function of the 
stomach, the presence or absence of abnormal substances and the 
products of gastric digestion, has approached almost to a routine pro- 
cedure. After fasting all night, or, better, after washing out the 
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stomach, the patient is given a test-breakfast. Ewald's is simplest 
und most used, consisting of an ordinary baker's roll eaten dr>', and 
300 c.c. of weak tea, without milk or sugar, or a like quantity of warm 
water. Such a '^meal** contains little or no lactic acid, the presence 
of which is the objection to most proposed test-meals. The Boas' test- 
meal, consisting of a gruel made of a tablespoonful of oatmeal boiled 
in a litre of water, may be used for estimating lactic acid. One hour 
after ingestion the residue is removed with the stomach tube and 
examined. The residue should be about 40 c. c. After noting the 
quantity, odor, color, consistence, and amount of mucus, a small por- 
tion is examined with the microscope to determine the nature of the 




Fig. 70 — Stomach Tube with Syp^on Bulb. 

residue and the presence of anatomic elements. The remainder is well- 
shaken, filtered, and the clear filtrate tested as soon as possible. 

Reaction. The normal reaction of the gastric juice is decidedly- 
acid, due to hydrochloric acid, acid salts (XaHoPOJ, occasionally to 
organic acids and carbonic acid. During digestion free organic acids, 
acid albumins, consisting of combinations of hydrochloric acid and 
organic acids with the proteids of the food, and the acid salts (acid 
sodium and acid potassium phosphates,) alsi> add to the acidity. 
Lactic acid .should not be present after the oatmeal breakfast. Its 
•sources are, fermentation of the stomach contents due to retention — 
-deficiency of the motor function and to pyloric obstruction — and to 
the introduction of sarcolactic acid into the stomach with foods. 
Butyric and act'tic acid are fermentation products. In ga.stric carci- 
noma, lactic acid is found after the test-breakfast. The reaction is 
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determined with litmus paper which acids turn red. Other substances 
used as acid indicators are : 



NAMK OF DyK 



J'henolph.thalein 

■Congo red 

Tropeolin 

Litmus 

Diniethvl-amido-a/obcn/ol 

Ali/arin-suli>honate of sodium 

Boas' resorcin sol.. Kesorin,S j^m.; 
cane su>>rar. 3 Km.; alcohol, (95 k ), 
100 c.c 

^unzhur^'s Solution. Phloro- 
glucin, 2 Km.: vanillin, i am., 
Alcohol [qyi > , 100 c. c 



I'H in 
Alcohol 



Water 
I ♦ Sol. 



Water 
Water 



0.5 • in 
Alcohol 



Water 
I'Jk Sol. 



Alcohol 



Alcohol 



Color I Color 
with , with 
Acids Alkalies 



Colorless 

Blue 
Red 
Red I 



Cherr: 



V ! 
" I 



Yellow 
Fink 
Fink 



Fink or 
Red 

Claret 

Yellow 

Blue 

Yellow 

Violet 

Colorless 



Liifht 
Brown 



Reacts 

WITH 



All Acids 

Free Acids 
Only 

All Acids 

All Acids 

Free 

Mineral 
Acids 

Free Acids 

and 
Acid Salts 

Free 

Mineral 

Acids 

F'ree 

Mineral 

.Acids 



Sensitiveness 



Extreme 

II CI 0.1 in 1000 
Lactic 0.2 in 1000 

H CI 0.3 in 1000 
Extreme 

H CI 0.2 in 1000 
H CI 0.2 in 1000 
\{ CI 0.5 in 1000 
II C I ^ 0.5 in 1000 



Dried papers colored with the above solutions are convenient for 
testing. By testing the filtered gastric contents successively with 
three papers colored with the above dyes, we may determine whether it 
is acid (litmus) ; whether the acidity is from free acid (congo-red) ; 
And w'hether free hydrochloric acid is present (azobenzol). If the 
congo-red paper, blued by free acid, is gently warmed the blue color 
is discharged when it is due solely to organic acids, but remains if pro- 
duced by hydrochloric acid. Boas' resorcin solution is more stable 
than Gunzburg's solution, and equally sensitive. It is used thus: 

A few drops of the reagent are spread upon a porcelain dish, 
which is gently heated; a glass rod dipped in the gastric fluid is drawn 
across the field. Free hydrochloric acid causes a scarlet streak to ap- 
pear. If the acid is present in small quantity the streak appears only 
on complete evaporation. Previous filtration is not necessary. Pro- 
tjeids, acid salts and organic acids do not interfere with the test. One 
part of hydrochloric acid in 20,000 parts of water is detected by the 
method. 

Organic Acids, — The sources of lactic, acetic and butyric acid 
have been mentioned. The presence of more than a trace of organic 
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acid in the stomach after the test-meal ^ould be regarded as patho- 
logic. Butyric acid has an odor like that of rancid feutter and can 
generally be detected by the smell. Acetic acid has a vinegar-like 
odor, which is emphasized by boiling. 

The tests may be applied to the mixed fluid or the organic acids 
may be extracted with ether. 

Method : 5 c. c. of the gastric fluid are boiled with three drops of 
hydrochloric acid until syrupy in consistence. After cooling add a 
small quantity of ether, shake well, decant into a basin, add ether 
again and repeat. The ether is evaporated, the residue redissolved in 
a few drops of water and tested. 

The most important of the organic acids is lactic acid and it 
occurs in larger amount and more frequently than the others. Aa 
stated, the presence of organic acids results whenever the food is too 
long retained in the stomach, and occurs when hydrocholoric acid is^ 
deficient, in dilation of the stomach, deficiency of its motor func- 
, tion, in cancer and in stenosis of the pylorus. 

The breakfast of oatmeal-gruel contains no lactates, and is supe- 
rior to the Ewald meal. 

Tests : Dilute solutions of ferric chloride turn canary-yellow on 
contact with lactic acid (Uffelmann's test). A few drops of dilute 
neutral solution of ferric chloride are mixed with a fourth the 
quantity of carbolic acid, and water added until a clear amethyst 
color is obtained. Lactic acid in the proportion of 1 to 2,000 instantly 
changes the blue color to yellow. Lactates produce the same result, 
but as their clinical significance is the same, it does not interfere with 
the test. Sugar, alcohol and certain salts, as phosphates, are capable 
of changing the color. Butyric acid, 5 parts in 1,000, changes Uffel- 
mann's reagent to a tawny-red color. The quantitative determination- 
of organic acids is rarely necessary for clinical purposes. 

(a) Quantitative estimation of the total acidity. 

Method : 10 c. c. of the filtered fluid are accurately measured into, 
a beaker and three drops of the phenolphthalein solution are added. 
The burette is filled with j~- NaOH solution* which is added until 



* Which means a decinormal sohition. A normal solution is made by dis- 
solving the molecular weight in grams of this substance in a litre of water. A 
decinormal solution is one-tenth of that strength. Tn the case of NaOH, 40' 
grams to the litre constitutes a normal solution, but owing to the impossibility 
of obtaining pure sodium hydroxide, the solution must be standardized by titra- 
tion against a normal solution of oxalic acid and corrected as follows: 50 grams- 
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a permanent pink color is produced in the beaker. Near the comple- 
tion of the test, each drop produces a pink cloud which disappears 
on stirring with the glass rod, until neutralization occurs, when a sin- 
gle drop produces a permanent shade. The number of c. c. of the 
decinormal alkaline solution used multiplied by .00364 equals the 
weight in grams of hydrochloric acid in ten c. c. of gastric fluid. This 
multiplied by ten gives the percentage. 

The decimal .00364 represents the weight of HCl. neutralized by 
1 c. c. of the XaOIl. solution. 

(b) The estimation of free liydroehlorie acid. 

Topfers method : To 10 c. c. of gastric fluid add three or four drops 
of a 0.5 per cent, alcoholic solution of dimethyl-amido-azobenzol. 
The decinormal solution of NaOH is run from the burette until the 
red color changes to a pure yellow. This reaction is not affected by 
combined hydrochloric acid nor organic acids, unless 0.2 per cent, of 
lactic acid be present. The calculation is made by multiplication as 
before. 

The test may be made by using Boas' resorcin solution if pre- 
ferred. A few drops of this solution are spread on a piece of ground 
glass and dried. The jL NaOH soluiioa is added from the burette 
to the 10 c. c. of filtered gastric fluid minus the indicator, as before, 
until a drop of the solution removed with the rod fails to react by giv- 
ing a pink color when drawn across the warmed plate. Blowing upon 
the plate intensifies and hastens the color production. 

(c) Estimation of combined hydrochloric acid. Here alizarin- 
sulphonate of sodium in 1 per cent, aqueous solution is used as an in- 
dicator, which reacts with all acid elements except acid albuminates. 

The alkali is added as before to 10 c. c. of gastric fluid, colored 
with three drops of the indicator, until a clear reddish-violet color is 
attained, which is not reached until free acid, acid salts and organic 
acids have been neutralized. As the color produced in the alizarin 
test is not easily recognized by the inexperienced, a 1 per cent, solu- 

of best NaOH are dissolved in a litre of water. loc.c. of this solution are placed 
in a beaker and 3 drops of the i per cent, alcoholic solution of phenolphthalein 
are added for an indicator. From the burette is dropped sufiident of the normal 
oxalic acid solution (63 grams to i litre) to just discharge the pink color. If 
each solution were normal equal volumes would exactly neutralize each other. 
Suppose I2CC. of the acid were required, then the NaOH solution is u-io 
strength instead of 10-10, hence mt-st be weakened by additions of the difference 
in c.c. of water, which is in this case 2-10. In other words ao c.c. of water 
must be added to eirery loocx. of the Iqrdroxide solution to render it nonnal. 
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tion of sodium phosphate or sodium carbonate may be colored with the 
indicator and used for comparison. It will be seen that the difference 
between the number of c. c. used in this titration and that used in 
the estimation of total acidity by the (a) phenolphthalein method 
equals the number of c. c. necessary to neutralize the combined hydro- 
chloric acid. Hence by these three tests we get the total acidity (a)^ 
the free acid (b), the combined acidity by subtracting (c) from (a). 
The organic acids and acid salts together are found by adding (b) to 
(a) minus (c) and subtracting the sum from (a). 

Free aeids and acid salts. A simple method of determininj; 
whether acidity is due to free acid or to acid salts is by the addition 
of calcium carbonate, CaCOj. Free hydrochloric acid decomposes the 
carbonate and is neutralized, while acid sodium phosphate, XaH, 
PO4, is unaffected. If therefore the acidity disappear it was due to 
hydrochloric acid, if diminished, as shown by the color reaction to 
test-paper, the remaining acidity is due to acid salts. The test may 
also be used quantitatively by determining the total acidity before and 
after the addition of the carbonate (Leo's test). 

Significance of hydrochloric acid. In the acute stages of fevers, 
hydrochloric acid is temporarily diminished. In dilatation of fhi^ 
stomach, atrophic gastritis, amyloid degeneration, some forms of nerv- 
ous dyspepsia, anaemias, cachexias, and Addison's disease hydro- 
chloric acid is permanently diminished. It is generally absent in can- 
cer, especially if accompanied by extensive gastritis, and may be ab- 
sent in chronic gastric catarrh and extensive degeneration. 

DIGESTION PRODUCTS. 

To determine the efficacy of the digestive function we may ex- 
amine the products formed in the stomach during the conversion of 
proteids into peptones. When the albuminous compounds named 
proteids are submitted to the digestive action of pepsin, trypsin, ren 
nin and certain other enzVmes, intermediate products are produced in 
the course of the conversion, which finally become peptones. These 
intermediates are termed albumoses or proteoses and the process is 
named proteolysis. When j)epsin in the ])resenee of hydrochloric acid 
is the proteolytic agent a sinall ])rop()rti()Ti of the proteid is first con- 
verted into acid-albuinin. which may be precipitated by neutralizin-tr 
the fluid during the early stages of digestion. At a later stage it dis- 
appears and other albumoses appear as the result of hydrolysis. 
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Some of these substances should be present in the residue of the test- 
meal removed at the end of an hour, others do not appear until a 
much longer period. Native proteids, albumin and globulin are pre- 
cipitated by slightly acidulating and boiling. 

Acid albumin is precipitated by exactly neutralizing the solu- 
tion. The ^ NaOH may be used with phenolphthalein as the in- 
dicator. 

Primary albinuitsrs, which may be taken to represent the next 
step, are obtained by first removing the native proteids and acid, 
albumin as above, then saturating the filtrate with MgSO^. 

Secondary albumoses. Filter out the above primary albumoses 
and saturate the filtrate with (NH^)2 SO^. Filter and test the filtrate 
for peptone. Peptones are tested for by the biuret reaction, viz: To- 
the above filtrate add one c. c. of KOH or NaOII and two drops of 
CuSO^ solution, a rose or red color indicates peptone. 

Little peptone is found in the stomach at any time as the result 
of gastric proteolysis. Whether this is due to the fact that the pro- 
cess stops short of its formation, as is held by Ewald and Gumlich, 
or to the immediate absorption when formed, is undecided. Even 
from the small intestine it rapidly disappears. 

Starch. The salivary diastase continues the conversion of starch 
into dextrin and maltose until free hydrochloric acid appears, which- 
after an ordinary meal may be delayed forty minutes to one houx', 
when the conversion should be complete. The process is called 
amylolysis. At the end of this time iodine should give no blue color. 
Erythrodextrin gives a reddish-violet color with aqueous solution of 
iodine. The blue or purple reaction indicates faulty or deficient dias- 
tase in the saliva or excessive acidity of the gastric juice. 

Pepsvn. The efficacy of the pepsin is tested by noting its action 
on discs of coagulated albumin — the white of boiled eggs. Wh6n 
hydrochloric acid is present pepsin is rarely absent from the gastric 
juice. In its absence pepsinogen may be present and is converted into 
pepsin by the hydrochloric acid. Two tests should be made ; one Wth- 
5 c. c. of the filtered' fluid, the other with the fluid plus two 'droi)'rf of 
hydrochloric acid, using discs of equal size and thickness, cut frorii^' 
the eg^. The test tubes are kept at a temperature of 100 P:, iBmd'fei- ' 
amined occcasionally to ascertain the effects. If no Iiquefacti6li''6fe-" ' 
curs, pepsin is absent. If liquefaction occurs only inthe tube'tti'TC^mch' 
acid has been added, this substance is needed to develop the ferment. 
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Renniii. Carefully neutralize 5 e. c. of gastric fluid and also 5 
•c. c. of milk. Mix : if rennin is present coagulation occurs in ten to 
fifteen minutes. 

The rapidity with which stomachic absorption takes place is as- 
certained by noting the time at which the iodine reaction occurs in 
the saliva after administration of potassium iodide. A capsule, care- 
fully wiped, containing three grains of KI is administered and at the 
end of five minutes and each succeeding minute, the saliva is tested 
with strips of bibulous paper which have been previously soaked in 
jsttarch paste and dried. The papers are moistened on the tongue, then 
touched with a drop of commercial nitric acid, which always contains 
traces of nitrous acid. Iodine is liberated and a blue spot is produced. 
The reaction should occur in ten to fifteen minutes. When the reac- 
tion is delayed twenty minutes or more absorption is abnormally de- 
layed and indicates disease of the mucosa. 

The motor function of the stomach is conveniently determined 
by Ewald's salol test or by Fleischer's method. 

Gastric peristalsis pumps the portions of prepared food products 
which are not directly absorbed from the stomach, through the 
pylorus. The stomach peristalsis begins about fifteen minutes after 
food ingestion, and gradually becomes more and more energetic until 
the end of stomach digestion, which lasts four or five hours. Dila- 
tation of the stomach, weakening or degeneration of its muscular 
coats and pyloric stenosis interfere with the food transfer, and the 
contents are retained abnormally long in the stomach. On the other 
hand I have frequently found that in persons suffering from intes- 
tinal indigestion of the catarrhal order, with the production of 
diarrhoea, the stomach peristalsis is abnormally active. Fleischer ad- 
ministers a capsule containing about two grains of iodoform, which 
is not decomposed in the stomach but which is converted into iodide of 
sodium in the duodenum. The capsule is administered with the test- 
breakfast and iodine should appear in the saliva in frcnn 55 to 100 
minutes. 

Both the motor and absorption powers are determined by remov- 
ing the residue of the test-breakfast after the lapse of stated times, 
■and noting the amount. After two and a half hours, there should be 
no residue. 

Klemperer introdnees 100 c. e. alive oil into the washed-out 
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stomach and removes the unabsorbed portion after two hours, to de- 
termine the amount. 

Ewald administers a capsule containing ten grains of salol, which 
is not absorbed in the stomach, but which splits into phenol and sali- 
cylic acid in the duodenum. Salicylic acid should appear in the urine 
in one hour or one hour and a quarter after administration. A drop 
of urine is caught on a piece of filter paper. On touching the middle 
of the drop with a drop of 10 per cent, solution of ferric chloride a 
violet rim appears around the spot. 

Mucus. When not apparent to the (^ye in the vomit or in the 
residue, mucus is not in excess. It is increased in all catarrhal and 
intiammatory conditions and then occurs in ropy, stringy masses. In 
chronic alcoholics and drug habitues it reaches excessive proportions. 
Mucus is recognized by shaking the sediment with dilute NaOII, fil- 
tering and precipitating the dissolved nuicus by the addition of acetic 
acid. 

MACROSOPK^ EXAMINATION OF THE RESIDUE. 

The (piantity, character, amount, color, odor and proportion of 
mucus are noted. The residue removed five or six hours after an ordi- 
nary mc^al furnishes us more information upon these points than does 
the test-meal, l^articles of food from preceding meals may be found. 
In cases of acute summer gastritis it is not I'are to find in the vomit 
renuiants of food ingested twenty-four to forty-eight houi's previously. 
Excess of proteids indicates deficient acidity. Excess of starch indi- 
cates excess of acidity. 

Bile and blood are visible to the eye when present in any (pian- 
tity. 

MICROSrOPIC EXAMINATION. 

Food particles may be identified, blood and pus cells, bacteria, 
yeast-cells, sarcinje, bile stains and sometimes particles of new- 
growths may be recognized. Staining with methyl-blue best demon- 
strates bacteria, which are always present in the stomach and are un- 
doubtedly necessary to the digestive function. Only when in excess 
or when specific forms, the product of specific disease, are present 
can they be considered pathologic. The Boas-Oppler bacillua is 
found in carcinoma, and its absence is generally said to indicate the 
absence of the growth, although Osier lays more stress upon the i)res- 
«nce of lactic acid, which the bacillus is thought by its discoverer to 
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be the chief instrumeut in prodiicinjyr, than upon the bacillus itself. 
Sarcintv are in excess in pyloric obstruction and dilatation. Fermen- 
tation is due to bacterial activity and produces the well-known train 
of symptoms named dyspepsia. 



SECTION XV. 

EXAMINATION OH THE URINE. 

The advances made in physioloirie L-heiiiistry, combined with the 
advances made in microscopic t(M'hni(iue, have enhanced the ability to 
interpret the chanti:es and variations which occur in th«* urine !)oth 
with the physiolo^iic and metabolic pro(M»sses of the body, as well as 
in the pathojo^iic ditzressions to which it is subject, to a dt^j^ree little 
short of certainty. The uninterrupted constancy of the secretion and 
the ease with which it may at any time l)e obtained, olt'er us an un- 
excelled index of the metabolic chanires iroin*: on within the economy, 
for it may be said that no patholojric process can seriously disturb the 
normal cell metabolism without producinii a chanjre of some charac- 
ter in the urine, which pri^eminently represents the result of that 
process, and more (piickly than any other product indicates a dis- 
turbance* of normal function, llenci' th(» application of urinalysis to 
the recognition of disease. 

tup: rinxE. 

Quantity. The avera»re (piantity of urine for healthy individuals 
is lodO c.c, or about fifty ounces, foi* the twenty-four hours. In order 
to determine the per diem amount the patitMit should b(* provided with 
a clean receptacle which can be tiixhtly covtM-ed, capable of holdinir 
the entire <iuantity. He nuist be instructed to pass the urine directly 
into the container and to void it before each visit to stool. A half- 
gallon bottle is a convenient receptacle. The <|uantity is diminished 
by perspiration and exhalations of moisture and increased activity 
of the bowels. Cold and dampness increase it ; hence it is somewhat 
j?reater in winter. Great muscular activity, imbibition of larpre quan- 
tities of liquids and over-eatinfj increase the amount ; while fastin^r 
and abstemiousness diminish it. 

The amount secreted is greatest after mid-day and least during 
sleep. The urine is increased in disease — in diabetes, chronic inter- 
stitial nephritis and amyloid degeneration of the kidney, and in those 
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forms of cardiac hypertrophy which are accompanied by increased 
intravascular pressure. Temporary abundance succeeds attacks of 
hysteria and other forms of convulsions. 

The urine is decreased in acute Bright 's disease, parenchymatous 
nephritis, cirrhosis of the liver, all acute fevers and inflammations 
and in active and passive hyperemia of the kidney, as in early 
Bright 's disease. The urine may be decidedly lessened or even sup- 
pressed in very acute inflammations of the kidneys, by obstruction of 
the ureters, by great internal injuries, and in profound shock or col- 
lapse, in the algid stage of cholera and in cases of pronounced poison 
of infective disease. Complete suppression can not long exist without 
being followed by urapmia and death. 

Before deciding upon the clinical significance of increase or 
diminution of the volume of urine voided, careful inquiry covering 
the above points referable to diet and habits should be made. 

Composition of the urine. The normal urinary constituents are 
derived from the waste products of the liquids and solids ingested and 
from the result of retrograde tissue metamorphosis. The urine is 
chiefly a solution of urea and certain organic and inorganic salts, hold- 
ing in suspension epithelial cells and mucus. Their relative amounts 
are given in the following table taken from Parke's schedule: 

Amount of urinary constituents passed in twenty-four hours. 
Constituents. Weight 66 kilos. 

Granunes. 

Water 1500.00 

Total solids 72.00 

Urea 38.18 

Uric acid 0.55 

Hippuric acid 0.40 

•Creatinin 0.91 

Pigment and other organic matters 10.00 

Sulphuric acid 2.01 

Phosphoric acid 3.16 

Chlorine 7-8.00 

Amnumia 0.77 

Potassium 2.50 

Sodium 11.09 

Calcium 0.26 

Magnesium 0.21 
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Each 1,000 grains of urine contain about 33 grains of solids, of 
which amount 25 grains are organic and 8 to 10 grains inorganic. 

Changes produced by standing. On standing certain changes are 
brought about in the composition of the urine. The rapidity of these 
changes depends on the temperature (being produced much <iuicker 
at high temperatures), the accessibility of micro-organisms and the 
composition of the urine as voided, highly-acid urine withstanding the 
changes longest. When normal acid urine is allowed to stand in a 
tall, conical glass, there appears after some hours a floating cloud 
which settles near the bottom, composed of nuicus in which is en- 
tangled a few bladder epithelial cells. In a cold room this occurs 
within two hours. It is named the nubecula. The n(»xt substance to 
be deposited is the reddihh or yellowish alkaline urates, sodium, potas- 
sium and ammonium, and in cold urine the urates of the alkaline 
earths, calcium and magnesium. The latter are held in solution in 
warm urine. The next deposit to occur is uric acid, which crystals 
are dark-red or brown in color and which in part replaces the urates. 
At the same time or a little later form octahedral or envelope crystals 
of calcium oxalate. Still later normal urine deposits a sediment com- 
posed of phasphates of the alkaline earths — granular, amorphous cal- 
cium phosphate and triangular prismatic ci-ystals of triple phosphate 
(ammonio-magnesium phosphate) — often iiit(*rs])ersed with dark spicu- 
lated spherules of anunonium urate (Purdy). Tpon standing for a 
few days all urines become turbid, owiiiir to the swarms of bacteria 
which appear in the solution. Such turbidity cannot ])e removed by 
simple filtration, but may be cleared by re])(*attHl shakings with pow- 
dered charcoal and refiltering. 

After a varying time, depending on the factors named, the urea 
is transi'ornK d into carbonate of ammonia and the normal acid re- 
action is changed to alkaline. The change may conu* about in forty- 
eight bonis or not until after the lapse of several days. This change is 
spoken of as ammoniacal decomposition and is due to the activity of 
certain micro-fungi, as first pointed out by Wormley. By the same 
process amorphous urates are transformed into anunonium urate, uric 
acid is transposed into triple phosphate, and calcium phosphate is; 
deposited. 

Acid fermentation with the production of acetic and lactic acid 
is due to the action of contained mucus. Trie acid and the urates are 
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precipitated by the process and the acidity diminished. It is not 
common. 

Color. The normal color of the urine is clear-amber or straw- 
color, (hie to the presence of urobilin or urochrom and uroxanthin. 
Abnormal colorin^r is due to blood, bile, melanin, haemoglobin, vege- 
table coloring and those derived from medicinal sources. Imbibing 
large quantities of water renders it paler, and abstinence and strong 
diet by concentration increase the color. As a rule both the depth 
of color and the acidity increase with the specific gravity and the 
increase of the solid constituents, and vice versa. 

in disease the urine is deficient in coloring matter when abundant, 
as in diabetes, hysteria, interstitial nephritis and amyloid kidney. 
In the first it may have a pale-green cast when viewed with trans- 
mitted light. Fev(»rs and diseases which concentrate the secretion in- 
crease both relatively and absolutely the amount of coloring snb- 
stances. The presence of blood and haemoglobin products produces a 
red or brown color. Bih* pigment gives the urine a dirty-greenish 
tint. Diabetic urine may also show a faint-greenish tinge. Carbolic 
acid and creosote color tht* fluid dark-brown or black, santonin im- 
parts a yellow color. 

Odor. The odor of fresh urine varies with the degree^ of concen- 
tration; sweetish, aromatic, characteristic, it has given rise to the 
adjective '* urinous. '' The odor is due to acid derivatives of the 
phenyl group. Stale urine is annnoniacal. Putrid urine is due to 
the decomposition of mucus and other organic substances. Foods and 
drugs influence the odor. Asparagus, garlic, cabbage, impart a well- 
recognized odor, and the essential and aromatic oils and turpentine 
give character to the odor of the urine. Cystitis gives rise to ammo- 
iiiacal urine (Xothnagel says acid). Pyuria has the odor of pus or 
of dfeconi])osition. The (>dt)r of acetone is often noticeable in the 
urine of eclampsia and of diabetes. 

Hf action. The reaction of fresh normal urine is acid, due to acid 
sodium phosphate. The a(»idity increases for several hours after be- 
ing voided, due to the so-called acid fermentation. During this period 
a whitish d(»posit, sometimes pink or red. of acid urate of sodium or 
uric acid is deposited, which disappears on warming. The acidity is 
least ])etweeii meals: early morning urine may be alkaline. Alkalinity 
due to ammonia (inflammatory alkalinity) causes red litmus to turn 
blue when moistened therewith, but to resume its original color when 
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dry. The urine is rendered alkaline by the administration of alkalies, 
as soda or j)otash, the alkaline earhonati^s or the salts of the ve»retal)le 
acids, hence a vej^^'tahle diet nnlures acidity. Aeiility is increased by 
administration of acids, by a meat-diet and by eoncvntration. 

Specific Gravity. The normal sj)ecitie »;ravity of urine varies 
from 1018 to 1022, the averatrc may be j)laced at 1020. but varies with 
food and drink. Meat-diet, active exercise, copious sweat in»r raise it 
iibove this fifjure. Fluids imbibi»d lowt*r it. Those forms of Hri«:ht's 




Fif^. "I -Squihl/s UriiKnmivr. 

disease with increased urine* are accompanied by diminished specific 
j^ravity, while the acute variety and di.seast^s which diminish or con- 
centrate the st^cretion raise the fiji:ure.s. When in disease the volume 
of the urine remains unchanired and th(» s[)ecific gravity falls, it means 
faulty elimination and its import is unfavorable. The presence of 
8up:ar raises the specific j?ravity, and urine of a specific jrravity of 1028 
or over should bo examined therefor. Stpiibb's urinometer is recom- 
mended for oflfice use. Corrections for temperature in taking the spe- 
cific jJTravity are sometimes necessary in very hot or cold weather. 
The rule is to add one degree of specific gravity for every 10° F. of 
the urine above the degree at which your uriru)meter is standardized 
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(Squibb 's at 77® F.) and to subtract one degree for each 10*^ F. be- 
low standard. 

In using the instrument the bulb of the urinonieter should be 
first completely immersed and care should be taken that it does not 
rest in contact with the side of the container. 

Transparency. Fresh healthy urine is clear. If urine is turbid 
when passed it is pathologic. Mucus renders it cloudy. This cloudi- 
ness is unaffected by heat, mineral acids or alkalies, but is increased 
by the addition of acetic acid. Precipitates of urates, carbonates and 
phosphates render it cloudy. Urates redissolve on the application of 
heat, phosphates disappear on the addition of mineral acids. In 
fevers, the quantity of urine is occasionally so small that the urates 
separate out before the urine leaves tlie bladder. This is not infre- 
quently the ea.se in pneumonias and in capillary bronchitis of chil- 
dren, owint; to deficient oxydatioii. Increase of turbidity on the ap- 
plication of lieat is due to orjranie substances, albumin, pus or blood, or 
to earthy phosphates. Increased turl)idity on the addition of mineral 
acids is due to organic elements. 

The amount of solids in th(^ urine is ol)tained approximately by 
nuiltii)lying thi* last two tijrures of the si)t»cific gravity by 2.33. The 
product ecpiais the numb(*r of grams per 1,000 c. c. of urine. This 
num})er is known as IIii.s<»r's coefficient. My nniltiplying by 0.233 the 
perecMitajre of total solids is at onee obtained. For children the 
f*oi»f!ici(»nt is t(M) high. 1.80 should be used. 

Th(* avcraire excretion of solids in ht»alth for adults is sixty grams 
per di<Mn, but dtMTrases about 10 p«M' (»eiit. for each d<»eade after 
forty. I)e(ri(le(l (l<'en*a.s<» [)oints to renal insufHicieney. and in ne- 
phritis portends nra-niia. In the cour.se of any a<Mite disease, the elim- 
ination of solids should vary with the temperature, sinee high temper- 
ature means active tissue metnmorj)hosis, hence in th(»se conditions 
decrease^ in solids means faulty <'limination. 

Of the urinary solids, urea constitutes the greatest proportion, 
beiuir normally from twenty to forty Lrrams in tin* 1500 c. c. per diem 
uv\u(\ with an averajre of thirty-thn»<» «rrams. Trea represents the 
ultiniati' oxy<lation of niti'oircn in the organism. 

Acute sthenic conditions, mental and mus<Milar activity and nitro- 
L^enous foods increase the nuti)ut of urea. Chronic dis<*ases. asthenic 
diseases. T^rii»ht 's ilisease, and diseases nf the liver retard the elimina- 
tion of un»a. 



EXAMINATION OP THE URINE 



3ia 



Detection of Urea. Place a few drops of the urine on a glass 
slide and add half as many drops of nitric acid. On warming, rhombic 
and hexagonal crystals of nitrate of urea are formed and recognized 
under the microscope. Fluids which do not ^ive this reaction are not 
urine, — a noteworthy point. 

Quantitative determination of urea requires practice. The ure- 
onieter of Doremus is sufficiently accurate. The reaction is due ta 
the fact that when a solution of urea is brought into contact with a 
solution of sodium hypobromite, the urea undergoes decomposition 




Fig. 72 — Dorcmiis' Urcometcr aiid Pipctle. 

with the freeing of all its nitrogen. Thus: CONJI,+3NaBrO=CO,+ 
3XaBr+2H.O+X,. 

The long arm of the tube is tilled to the bend with the sodium 
hypobromite solution by inverting, and the instrument righted. 
Then, with a graduated pipette one c. c. of urine is introduced and 
slowly discharged beneath the surface of the solution. The nitrogen 
set free rises and the displaced mixture flows into the bulb. After 
ten minutes the reading is taken. The scale reads in milligrams, 
which indicates the amount per c. c. of urine. Normal urine gives 
.02 gm. per c. c. which is two per cent. Another form of scale give* 
the percentage or grains per fluid ounce. 

The hypobromite solution must be freshly prepared as follows: 
Dissolve 100 grams of sodium hydroxid in 250 c. c. water. For use, 
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take 10 c. c. of this solution and add 1 e. c. of bromine, mix and 
dilute with 10 c. c. water. This amount is sufficient for one test. 

Owing to the dangei*s, tlie instability and the disa^^reeable proper- 
ties of bromine, I prefer the method of Bartley. A straij^ht tube, 
closed at one end, ^aduated so as to jrive the number of grains per 
fluid ounce, a pipette holding (me c. c. and the ordinary urine pipette 
are required. The tube is filled to the fifth division with a twenty 
per cent, solution of KHr. Chlorinated soda solution, XaClO (Labar- 
raque's), to the fifteenth or twentieth division is added. A small 




I'i^- 73 — I'rca from aciiicons solution. 

quantity of pure water is now floated ui)on the top of these reagents 
by inclining the tube and adding the water from the pipette. One 
c e. of urine is now carefully floated upon the water by the same 
method. Tijrhtly closing the open end with the thumb the tube is 
inverted and shaken. After effervescence ceases the surface readinp 
of the fluid is noted. Still closed, the tube is plun^red into a pail of 
water and the thumb removed. The im])risoned li(iuid falls and the 
tube is innnersed until the outer and inner li(|uids are at the same 
level, and the readintr a^ain noted. The diftVrence in the two read- 
ings is the number of jrrains of un»a in one fluid ounce of urine, which, 
multiplied by the number of ounces passed in twenty-f(mr houi^s. 
gives th(» number of ^rrains per day. A (juantity of less than ^350 
grains per day should be re^rarded as pathologic. 
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Uric acid is readily recognized by the microscope. Its various 
crystals are shown in the figrure. If urine be kept until ammoniaeal 
decomposition occurs, uric acid crystals deposit. In general, condi- 
tions which increase urea inciva.se uric acid. 

Dyspna'a and impeded respiration increase it. Hritdit's disi»a.se 
and j?out diminish its excretion. The normal amount is 0.0 to 0.8 
gms. per day. It is determined by filterin*; a known quantity of urine 
and addin<r 5 c. c of lU'l to each 100 c. c. After twenty-tour hoiir« 
collect the precipitate on a previously-weiirhed filter paper, wash, dry. 
w^eijtrh and deduct the weijrht of paper. The n^sult is the weijjrht of 
uric acid in the amount of urine employed. 

EtJunal sulphates in excess in the urine indicate putrefactive 
changes of Ln'ave order, within or outside the* dij^estive tract, and the 
increase is proportional to the severity of the i>r()cess. 

Phenol potassium sulphate and indican are representative's of this 
jxroup. Both indoxyl-potassium sulphate and indolyl-sulphuric acid 
are known as indican, and respond to the same tests. Excess of this 
substance indicates putrefacti(m of albumin with absorption of indol. 
It especially points to obstruction of the small intestine. In purulent 
pleurisy and peritonitis it occurs in abundance. It is increased in 
wastinj^r diseases and starvation, hence is found in phthisis and cancer, 
likewise in dysentery, typhoid fever and acute brain diseases. In 
health the urine contains a mere trace of the ethereal sulphates. 

D(fecti(ni. Mix equal (puuitities of urine and .strong IICl in a 
te.st tube, add dro[) by drop a freshly made saturated solution Of 
chlorinated lime ( l)leachinfr powder) or chlorine water, until the solu- 
tion fails to darken on further addition. Shake the blue solution 
\vith cliloroform which takes up the indican and indicates by the 
depth of its color, the amount present. 

Inorganic Consfilunifs. The chlorides are the ])rincij)al inor- 
ganic constituent of the urine and the (plant ity excreted averasres 
10 to 15 »rrams daily, thus rankin«r next to urea. The excretion of the 
chlorides is lessened in all acute febrile diseases, in dropsies and serous 
exudations. In ^rave cases of pneumonia they may disappear from 
the urine. In rheumatism their sudden disappearance should arouse 
the suspicion of endocarditis or pericarditis. Their reappearance or 
increase is favorable from a prog:nostic point in all these conditions. 

The chlorides are precipitated by solutions of nitrate of silver. 
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In most cases an approximate estimate of their quantity is ail that 
is necessarj' to the clinician. I have used the following: 

Add to a volume of urine a few drops of nitric acid, then a solu- 
tion of Af^NOa (1 to 20). The chloride of silver falls as a white, curdy 
precipitate which should occupy one-fourth of the volume of the 
urine taken. If the precipitate, after standing, occupies much more 
or less than this volume the chlorides are increased or diminished. A 
Counter-test with normal urine always should be made for comparison. 
The silver nitrate solution should be added, drop by drop, until its 
further addition fails to produce a precipitate. 

Ultzmann's method: A standard solution of nitrate of silver, 
one drachm to the ounce, is prepared. To half-a-glass of urine add a 
few drops of nitric acid, then one or two drops of the silver solution. 
**If a white, flaky precipitate occurs, quickly sinking to the botto^n 
without diffusing, the chlorides are undiminished. If simple cloud- 
iness, without ciirdy flakes, ai)pears and readily diffuses, the chlorides 
are diminished to 0.1 per cent, (normal, 0.5 to 1.0 per cent. ). Should 
no precipitate occur the chlorides are absent.'' ' 

Phosphates. The amount of phosphoric acid in the day's urine 
varies between 2.5 and 8.5 grams, excreted as alkaline and earthy 
phosphates. 

The earthy phosi)hates are insoluble in alkaline urine and on 
heating the precipitate is increased and may be mistaken for albumin. 
They disappear on the addition of acid, while all)umin remains. 
Triple phosphates are not pr<»sent in normal urine when voided, but 
form on standing. In eystitie urine they are found. The acidity of 
the urine dei>ends upon the presence of acid s<Klium i)hosphate. Acute 
fevers, gout, most kidney diseas<»s and pregnaney diminish the phos- 
phates. Wastings, es[)eeially osteo-malaeia and rickets inen»ase their 
excretion. 

The earthy i)hosphates arc precii)itated by nMiderinir the urine 
alkaline and heating. 

The alkaline phos[)hates are precipitated by magnesium mixture, 
which is composed of MgSO^ and Xll.Cl, each one part : aq. annnonia.. 
one j)art : wat<M-, ei«:ht |)arts. 

The sulphates in the urine increase or diminish in ir^'ueral with 
th(» urea. 
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ABNORMAL CONSTITUENTS OF THE URINE. 

Albumin. Of all the abnormal: constituents of the urine, from a 
clinical standpoint, the greatest interest centers upon albumin and 
its significance. Briefly summarized, its presence means alteration in 
the structure of the kidney, alteration in the composition of the blood 
or of blood pressure. 

1. Albuminnrm without coarse renal lesions is a matter of dis- 
pute. After cold-bathing, muscular exercise, dysi)epsia, hysteria and 
violent emotions, it is found in the urine occasionally, and the changes 
which permit the transudate are certainly not permanent. Cyclic or 
adolescent albuminuria is interesting. Boys are oftenest the subjects 
and recovery follows after a varying period. 

After sixty, it is not uncommon to encounter small quantities of 
albumin in the urine, associated with mucin, and the tendency in- 
creases with each decade thereafter. 

2. Albuminuria of pyrexia. Albumin may be present in fevers 
of almost any degree, the lesions which cause it generally passing 
away with the disappearance of the i)rimary disease. It is seen in 
tonsillitis, typhoid fever, pneumonia, malaria, the entire group of 
specific infectious diseases which used to be called zymotic, cholera, 
yellow fever and other infections. 

3. Albuminuria due to blood ehan(/(s. All profound aiuemias, 
leukipmia, purpura, syphilis, scurvy, rickets, poisoning by metallic 
substances as arsenic, lead, mercury or phosphorus, are followed by 
albuminuria which in some cases is transient, in others leads to per- 
manent lesions. The administration of anaesthetics is followed in rare 
cases by albumin. Certain states and conditions also manifest tran- 
sient albuminuria, as the puerperal state, exophthalmic goitre, tetanic 
seizures, after apoplexy and epileptic fits, purpura and hospital 
gangrene. 

4. Albuminuria with kidney lesions. Here the transudate oc- 
curs in states of active congestion, as in inflammations of the kidneys; 
in passive congestion due to obstruction or pressure, or such as occurs 
in organic heart and lung diseases. Organic lesions of the kidneys, 
constituting the entire group of Bright 's diseases, the degenerations 
and suppurative processes of the organs and growths within their 
structure, constitute the chief causes of albuminuria. 

5. Pus-producing inflammations of any part of the urinarj' tract 
are accompanied by albumin in the urine. 
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G. Albuminuria accomijanying hnpidantnts to the cirtulation,, 
in which th<! kidneys are not primarily involved, as tumors, abdominal 
i^jwths, cirrhosis and other changes in the liver. 

The amount of albumin cannot Ix- taken as indicative of the 
gravity of the lesion, since in some serious alterations, sueh as inter- 
stitial nephritis, the amount is small and intermittent: nor can albu- 
min without other evidences of renal alteration be accepted as indica- 
tive of OTiZHu'ic disease, but in sreneral. its increase ar decrease in estab- 
lished reco$rnized conditions, indicates the gravity of the* causative 
disifase. 

Tests for Albumin. Typical allniminous urine is of low specific 
gravity, pair jrreenish-yellow in color, and forms a i>ermanent froth 
when shaken. Soon after beintr passi*d a sediment is deposited. 

The pota.ssium ferro-cyanide test is one of the easiest and most 
reliable tests at command. I have found it most satisfactory. It may 
be appli«*d as follows: A quantity of urine is placed in a test tube, 
half as much of a solution of pota.ssium ferro-cyanide of a strength 
of 1 to 10 is adde<l and the tube shaken. On the addition of a few 
drops of acetic acid, albumin, if present in any form, is precipitated 
in a tlocculent cloud. The ti*st gives no react iim with nuicin if the 
acetic acid be added last, and no reaction with phosphates or urates, 
hence any precipitate which occurs is albumin, albumose or nucletv 
albumin. 

Another method of applying the tt^t is to add acetic acid first 
and filter out the precipitated nuicin. then float the clear acidified 
urine upon the top of the ferro-cyanide solution. A white zone form- 
ing at the point of contact indicates albumin. 

Ilflhr's frst. This test is probably more universally used than 
any othf»r test and is reliable to those familiar with its variations. A 
test tube is filled to the de[)th of one inch with pure nitric acid. A 
long [)ii)ette is filled with urine, which is floated upon the surface of 
the acid by considerably inclining the tub(» and slowly discharging the 
urine against its side. The presence of albumin of any kind is indi- 
cated by a white zone at the point of ronfart. The width varies with 
the amount of albumin present. 

The amorphous urates when precipitated by this method appear 
as a brown eloud or zone in the urine, above, and not at the point of 
contact, and can hardly be mistakey for albumin. Their density 
diminishes upwards. Mucin may show as a cloud towards the top of 
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the tube. The only probable error is in patients who have been 
taking balsams, in which case the precipitate resembles albumin, but 
is cleared by addition of a small (luantity of alcohol. While the pre- 
cipitate generally appears innnediately, yet when very scanty may 
require a few minutes to form, hence the tube should be rc-cxamined 
at the end of half an hour. 

Boiling the urine in a tube coagulates albumin, and also pre- 
cij)itates the earth phosphates. The latter redissolve on the addition 
of nitric acid, which should be added drop-by-drop as the urine is 
reboiled. All)umin in small quantity' is apt to escape detection by 
this test and excc^ss of phosphates may deceive the observer. The test 
is reliable for ali)umin in considerable quantity, bul is inferior to 
eitht^r of the other tests given and less easy of manipulation. 

Mucin. Mucin is the secretion of the mucous cells. It is a 
gluco-proteid, i. e. a compound of a i)roteid and a carbo-hydrate and 
is closely related to the albumins, hence constitutes a fruitful source 
of error in searchijig for small (piantities of albumin, especially if the 
amount of mucin is increased. It is present in all urine and in inflam- 
nuitory conditions of the urinary tract is increa.sed. In catarrhal 
intiannnations of the i)elvis, of the kidney or the bladder the amount 
may be enormous. ^lucin is increased in febrile processes and is 
sometimes the forerunner of albumin in these cases. 

It is not coagulable by heat and is soluble in strong mineral acids 
and in alkalies, but is preeij)itated by acetic acid, alum and very 
dilute mineral acids, which latter property gives rise to the propensity 
to mistake it for albumin. Mucin is insoluble in alcohol, ether, or 
chloroform. Owing to its solutions dissolving oxide of copper, the 
presence of mucin in abundance hinders the test for sugar. 

Detection: Dilute the urine to double its volume and add excess 
of acetic acid. The mucin is precipitated. 

/'«.s\ Pus renders the urine turbid to the naked eye. It quickly 
deposits a,s a whitish or greenish sediment. The supernatant liquid 
contains albumin and globulin. Heat does not dissipate the sediment, 
hence distinguishes it from urates. Acids do not dissolve it as they 
do the earthy phosphates. The addition of strong alkaline solutions 
dissolves it with the production of viscid or ropy masses (Donne's 
test). The addition of hydrogen dioxide causes rapid effervescence, — 
a valuable test for pus in any fluid. 

The microscope shows characteristic cells. 
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CARBOHYDRATES. 

While glucosej levuloae, inosite and lactose may occur in the urine, 
the most important clinically is glucose. Whether or not glucose is a 
constituent of normal urine m still disputed. V'ery delicate tests fre- 
quently deinoEstrate it in urine otherwise normal. When glucose 
appears in the urine in appreciable amount it is known as glycosuria. 

Glyeosiiria may appear as a teinporHry condition in various dis- 
-eases of the brain and cord, lungs, liver, heart, during pregnancy and 



Fig. 74— Lipogenic Glyco?i«ria. Urine also eotitaini albumin. 

in certain infeetious diseases, as diphtheria, influenza, rheumatism, 
tj^phoid fever, syphilis, sear let fever, cholera and eerebro-spinal 
meningitis. 

It is often encountered in obese pei*sons» particularly Hebrews, 
^nd is known aa lipogenic glycosuria. Certain drugs and toxic mate- 
rials produce a substance which gives to the urine a similar reaction, 
as morphia, chloral, hydrocyanic acid and amyl nitrite. Both tem- 
porary and permanent glycosuria have followed the inhalation af 
nitrous oxide. The internal use of turpentine, of salicylic acid, mer- 
cury, alcohol and a few other substances is sometimes followed by 
the reaction. Phloridzin, and some of the other substances mentioned, 
produce glycosuria by directly attacking the renal epithelium and 
destroying its power to keep back glucose. The ingestion of a larger 
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quantity of carbo-hydrates and peptones than the liver can take care 
of, causes a tem])orary trlyeosuria. 

l*ersistent giveosnria is known as (liab(t(s. It is not a disease 
but a synij)toin and the causative lesion nuist be look(»d for in tht» 
liver; tlie pancreas — which shows lesions in titty per cent ; the ni'rvous 
system — where several lesions have been found in conne<»ti()n with 
cases, but none typical: or in the kidne\s. The heart, the lunus and 
other orj^ans show frequent lesions which are all probably secondary. 

Diabetic urine is generally pale straw-color, often with a greenish 
tint, has a characteristic, j,wt»etisli odor and taste, and a specitic 
gravity varying between lO:^-) and 1 ()')(). The amount of sugar present 
varies from two to twelve per cent. Th(» quantity of urine is nnich 
increased, being seldom less than IHOO c. e. and may reach 8000 c. e. 
per diem. The gravity of the disease increases with the polynria. 
Glycosuria without i)olyuria is seldom fatal, (^specially in advanced 
life. The severity of the disease in all cases bears a relationship to 
age. In the young it is progressive and almost uniforndy fatal, run- 
ning its course in a few months to a few years. After tliirty-tive the 
disease ])rogresses slowly and the prognosis is bcttcM*. After fifty, it is 
often amenable to treatment. 

7V.s7.s- for ffhfcosi . The methods of detection most often used are 
by means of the coi)i)er tests, which depend npon the fact that solu- 
tions of grap(» sugar in the pn^sence of an alkali reduce cupric oxide 
to lower oxides. The presence of albumin interfen»s more or less with 
the tests and, as it is etisil\* riMnoved by boiling and tiltt'ring. it is 
wise to do so. 

Tromiii(r\ hst. Add to a cpiantity of urine in a test tube about 
half its volume of sodium or potassium hydroxide. Then add, drop 
by drop, a solution of copper sulphate il to S) until a slight bluish- 
white precipitate is formed. The precif)ilati' is cupric hydroxide. 
In the presence of glucose it is dis.solvt'd on sluiking and a dark-blue 
color results. On heating, if glucose b(» piesent, red euprous oxide and 
yellow cuprous hydroxide* fall, just as tht* boiling j)oint is reached. 
If, instead of boiling, the tube is allowed U) stand for half an honr the 
same reduction occurs. With heat the test is extremely delicate. If 
no precipitate occurs, sugar is absent. 

Pn cautions. If sugar is present in ccmsiderable quantity, the pre- 
cii)itate forms without boiling. The urine should not be kept boiling, 
but merdy brought to the boiling point, since continued boiling causes 
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other suhstaiu'es to reduce the co|>|K*r, hs iirie acid, creatiii. mucus, 
alhuinin, i)e{)tones, hy[)oxaiithin. creatiiiin. ^lycuronic acid, carbolic 
acid, certain alkaloicis and excess of colorinjr matter. As a rule, these 
jjive a greenish or «rreeiiish-yeno\v. not a red, deiXKsit. 

Precii)itate of [)hosphatt»s nuiv occur on the addition of tho 
hydroxide, hut is white and ti«M*culent and bears no resemblance to the 
red. K'*J*nular cui)rous oxide. A yellow precipitate, which falls on 
coolintr, is cuprous oxide and is not due to glucose. A red irranular 
precipitate is very [)robably sujrar. 

Ilaitu \s if at. This is a modification of Fehlinir's test. Formula : 
Pure co[)per sul[)hate, M) jrrains; distilled water, ^o ounce, dissolve: 
add pure <rlyctM-ine, i^ ounce; mix and add o ounces liquor jHHa.ssa*. 
The solution is somewhat more stable than Fehlinjr's solution. 

Method: Boil one drachm of the test Huid in a tube and note 
whether it remains clear. Add six to ei«rht dro[)s of urine and relx)il. 
A copious red or yellow preci[)itate indicates suj;ar. If no pnH*ii>itate 
(K*curs, sujrar is absent. Here a^ain the alkali may precii)itate the 
earthy phosphates, but they .should not be mistaken for sujrar. The 
precautions jrivi'u under Tronnner's test should be obsi^rved. 

Ffhlinfj's frst is applied in the same maimer as Haine s. The 
(piantity of urine added should nt»ver exceed the volume of the test 
solution used. Fehlinjr's solutiim is best prepared in two parts. 

1. — Dissolve MXA «rrams of crystallized (/uSO^ in water ana 
dilute to .')()(» c. c. 

n. — llli »rrams Hochelle salt and bO trrams XaOII are dis.solved 
in water and diluted to .")()() c. c. 

For use. mix (*<|ual volumes. This solution is also used for (quanti- 
tative examination, 10 c. c. of the mixed solution ecpials 0.05 grains 
trlucose. 

rhi nf/ll(i/(lrazin ftsi. When this substance is boiled with ^rape 
sujrar a characteristic crystalline compound results. 

Test : To oO c. c. of sus[)ected urine add 2 jrms. phenylhydrazin 
hydrochloride, ami 2 trms. sodium acetate, 10 c. c. of water may be 
added to pnmiote solution. Dissolve, and heat on water-bath for one 
hour. On coolintr, a yellow d<'[>osit forms, a few dro]/S of which is 
placed on a ^lass slide, lirijrht, needle-like crystals of phenyl i^lueosa- 
zone are formed, rarely invisible to the naked eye. Scales and brown 
frrannles are not indications of suizar. The* microscope shows radiat- 
in^r acicular structure. The crystals indicate that the urine contained 
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a earbo-hydrate and the test is therefore reliable. None of the siib- 
stanees nieiitioued under Troninier's test is capable of producing the 
reaction. 

Quaiifiiatirr Drfrrmination of Si((/(ir. The amount of suii:ar in 
the uiine indicates the severity of th(* disease and is the basis of prog- 
nosis. Its increase or diminution is the best evidence of the result of 
treatment. 

Roberts' ditl'ertMitial test is accuiatc and simple, but requires 
twenty-four hours for its detcrjnination. 

Method: Place 4 ounces urine in a lartrc l)()ttle. add V4 cake of 
compressed yeast and cork with a perforated cork. The same (pian- 
tity of urine is plactnl in another bottle and corkeil. Both are allowed 
to stand twenty-four hours. The ah-ohol and carbonic anhydride 
formed by the fermentation ivduce the specific ji-iavity one de^nei* for 
each •rrain of suy:ar per H. o/. of urine. Thus, if the sj). j^r. is n^duced 
from 1040 to 1030, tht^ urine* contains ten ♦rrains of su^far per ounce. 

When fei-mt»ntation is completed the urines are decanted and the 
sp. jr?-. of (»ach separately ol)tained. The number of de^rrees of den- 
sity lost in the fermented uVine indicates the amount of suirar per 
ounce, or, tlu* number of de»rn»es lost multiplied by 0.23 .iriv(»s the 
percenta»re of »rlucos<'. The results ai'c approximatt^ly accurate. 

Ffli1iH(/\^ f(st IS the most satisfactory yet devised. The only 
objection that can b(» ury:(»d is that practice is neei^ssary tt) determine 
the pi'ccise point of reduction. 

Method: 10 c. c. of Ft^hliuir's solution and 30 c. c. water are 
measunMl into a porcelain dish and kept at the boilin«r point over a 
Runsen buiMUM* or alcohol lamp. The urine is addeil, drop by drop, 
from a burette until the blue color of the Fehlintr's solution has en- 
tirely disappeared. The number of c. c. of urine re(piired to j)roduce 
this result is noted and the sutrar <*alculated thus: It n^piires 0.0;> 
ofin. of su^rar to remove the coloration of the ten c. c. of solution used, 
henee the number of c. c. of urine dropj>ed contained Oj).") ^u\. of 
su«;ar. Say 2 c. c. of urine wen* used, tht»n 100 c. e. which is 50x2 
contained oOX^^-^^ or 2.5 «;rams per 100 c. c. By dividin^r 5 by the 
number of c. c. of urine used the n^sult is the same, and the per cent, 
thus easily obtained. 

When considerable suj?ar is present the urine should be diluted 
with a known volume of water, as one to five, and the result corrected 
in accordance with the dilution. 
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Arrfomiria. Whether acetone occuis in healthy urine or not is 
disputtMl. It oeeiirs after alcoholic indulj^eiice, over-eatinjr of proteids 
and in the urint^ of children. It occurs in fevers and ris(»s and falls 
with th(» tt»ini>erature curve. It is often assiK'iated with carcinoma 
and should be soujrht for in suspected cases. In diabetes its appear- 
ance often i)recedes diaceturia. It is capable of producing a si)ecies 
of auto-inti)xication. and often (K»curs in the insanities. 

Chaatard's test is the simplest. An atfueous .solutien of maufenta 
is deeolorized with suli)hurous acid. A drop of this .solutio]i added to 
tiuids containinjz acetone j;ives a violet color. When thi» amount of 
acetone is very minute, the color develops after five minutt»s. 

Plan furia. Kthyl-diacetic acid in the urine is of serious ini- 
poi*t. It occurs und«»r the same febrile conditions as acetone. In 
diabetes it is the premonitor of coma and sijrnifies death. It occui's 
oftenest in youn.*r subjects. Accord in»r to von Jaksch, the causi* of 
coma in diabetes is diacetic acid. 

Detection: Hoil a sample of the urim* and add a few drops of 
ferric chloride. A dei»p-red color is produced. If the i)hosphates are 
precipitated, add the chloride until precipitati<m ceases, filter and re- 
peat the test. Xo other subs'tance ^ives ris<» to the red color in the 
boiled urine. 

; BILK. . 

Bile acids and bile salts apj^ear in the urine during: attacks of 
jaundice. Increasi» of bile salts <M*curs with the terminatitm of ** bilious 
attacks.'' They are increased in many forms of orjjanic dis- 
ease of the liver, in splenic leucocythie.nia mid anieinia. Bile pijr- 
nients are found in the urine in phosphorous jioisoniiijj:. in jrrave dis- 
ordei"s of the liver, in obstructive jaundice, when* (he coloring' matter 
reaches the urine throujrh the circulation, and i^recedes it« appear- 
ance on th(» skin. Both may appear duiiiur excessive sunnner heat 
and after the us<' of alcohol. The color of the urine is yellow, ^reen, 
brown or ])lack. On shakiufr it yields a y(»llow froth which is charac- 
teristic and in the absence of injzested drug's such as rhubarb, chrys- 
oro])in and the lik«», is distinctive. 

(hmlin's ftsf for lliU l^ifjmntl. A small quantity of commercial 
nitric acid (yellow nitrous acid) is plaei d in a test tube and the urine 
is floated upon it. A rainbow coIorati(m ai)i)ears at the jjoint of con- 
tact. Or the urine* n:ay be i)assMl throuirh filt'.'r paper, and a drop of 
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the acid pla(*ed in the center of the wet pa[)er, when the eolored ring^s 
appear. 

TllK DTAZO-REACTIOX OF KHKLIOll. 

This test was pro])()sed by Ehrlieh in 1S82 as a vahiable diatrnos- 
tie si*rn of typhoid f<»ver. Althoujzh the reaction occurs in a few other 
diseases, as ])uhno!iary tuberculosis, yet in the cases most often mis- 
taken for typhoid fever the reaction does not occur, viz., malaria. I 
studied the urine in -U) cas-s of typhoid fever in soldiers returned 
from Tampa. The reaction was pronounced in '^'). It was absent in 
all cases of malaria when typhoid was absent. 

It occurs fro:n the fourth to tlu' .seventh day and th»M*eafter. The 
intensity of the reaction varies with the jiravity of th<' case. AVhen 
absent, the dia^znosis is doubt fnl. it occurs in rapidly fatal ca.ses of 
phthisis, sometimes in measles, miliary tubei'culosis, ])ya'mia. scarlet 
fever and erysipelas. It is absent in apyrexial disease ( Khrlich). Two 
solutions are prepared: 

I. — 2 «rrams of sulphanilic acid: oO v. c. H(1 : l.OOO c. c. water. 
Mix. 

II. — A O.T) per cent, solution of sodium nitrite. 

Method: ^O parts of \o. I and one |>art of \o. TI are |)l«H'tMl in 
a test tub(\ an (»({ual (piantity of urine added, and the soluti(His well 
mixed. About Is of the voIuuk^ of anunonia is then addcMl. If the 
reaction is ])o^,itive a eai-mine or elieriy-i'ed color develops, and cm 
shakinu' the color extends to the foa:n. \'on Jaksch thinks the re- 
action due to acetone and not (^specially siirniticant of typhoid. 

riUXARY SKDIMKXT. 

When urine is allowi^d to stand foi- so?ni* hours gravity caus(»s it 
to separate into two layers, the stolid j;oitio!is or si^diment and the 
su])ernatant licpiid. Tht^ .solids cousist or insoluble materials contained 
i!i the fluid and soluble substances which i)y clKMiiical activity or 
crystallization have Ixm'u se])a rated from tht» solution. Much time is 
saved and nuuiy difTiculties are overcome by s<^paratint;- the urinary 
sediment innnediately by means of thcM'cntrifu'je. instead of wait- 
in<r tor gravity to accomplish the same end. 

\V(» have already noted some of the chani!:<*s which take place in 
normal urine on standinir. (.'hanires moie rapid and nnin* radical 
occur in pathologic uritie. Much moi-e informati(m is therefore 
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gained by an iniiiiediate exaiiiiiiatioii of such urine, befoiv casts liaw 
macerated and soluble substances which nuiy have been i)assed as 
solids have had time to dissolv**, and before i)ernicious bacterial a<*- 
tivity has had time to destroy contained elements or to form iiew 
(mes. In the sanu* way crystalline substanc<*s which are i)assed in a 
state of crystallization may b** distintruished from those which form 
ui>on standinj;. By the centrifup* the elements are more completely 
sei)arated and concentrated, hence such as occur in (mly minute (juan- 
tity are less likely to <»sca|)e detection than when collected by jrravity. 




rij<. 75 — IlaiTl Conlritnm'. 

It is ditTicult to satisfactorily classify the two ^rroups of sub- 
stanc(»s which make up the urinary sediment. Oriraniztnl and unor- 
^aniz(»(l an* terms frecjuently used, but luiorL'anized does not in this 
eas(» mean !ion-orj;anic and is misl(»adin;r. Perhaps the divisicm into 
ih( mic aiul hisfuloffic sedimtMits is as ust^'ul as any. 

The rlumif suhstanns are uric acid, the urates, i)hosi)hates. eal- 
<'ium oxalate, cyst in, l(»ucin. 4yrosin, m«'lani!i. 

The srdimeuts of acid and alkalitie urine ditfer nun-kedly. A<'id 
urine may deposit: la) uric acid: <b) acid urates of sodium, potas- 
sium, aminonium and calcium: icj calcium oxalate: and occasionally, 
(d) hippuric acid: (o calcium sulphate, cystine, leucin, tyro.sin. 




PLATE XXVI. 
URlC-ACiD CRYSTALS. ( Natural color.) 
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In such urine the uric acid and the calcium oxalate are crystalline, the 
urates amorphous or granular, except sodium urate which is sometimes 
<M-ystalline. 

Alkaline urine may deposit: (a) am(>r[>hous phosphate and car- 
bonate of calcium: (b) crystalline urate of ammonium; (c) phosphate 
of calcium and mairnesium: (d) triple phosphates. 

The most imi)ortant constituent of tht* alkaline sedimeiit is the 
amorplufus earth}! phosphates which are re«rularly ])recipitated in 
uriiK* that >s alkaline wh(»n voided, as well as in urine* that has under- 
jrone fermentation. The crystalline foi-ms an* the triple ph()sphatt»s, 
ammonium urate, calcium ph(n phate aiul carbonate, and. under path- 
olo«;ic conditions, leucin, tyrosin and cyst in. 

Vriv acid crystals occur as a deposit only in acid urine. They 
are deep-red or yellow in color, prone to clin«; to the sides of the ves- 
sel and can be reco^niz(»d by the trained eye. Cubes, plates and 
rhombic crystals, alone or coalesced into bc^autiful stellates and i ibbon 
bow-knots, are fouml and are easily reeo^Miized under the 'ens by 
color and form. Threads suspeiuled in lU'ine attract the ciystals aiul 
their tend(Micy to a.irjrre^ate around any suitable nuch'us exi)lains the 
formation of uric acid calculi, the most frecpient of all forms of 
«rrav(*l. Trie acid may be said to i)e patholo^nc when it is dei)osited 
shortly after the urine is passed. Oeeiu-rintr in urine which has stood 
ten hours or mon\ it has little clinical sijznilicance. Kxcess of uric 
acid, liiLdi acidity, diminished mineral salts and pi«.rments. favoi* its 
d(»p()sit. ()ver-indul«i:ence in animal food product's the first two of 
these factors. Fever favors its production l>y diminution of the licpiid 
elements and raisin^; the acidity of tlu' urine. 

Add }n'at(s of sodium, ])otassium and ammoniiun, sometimes of 
calcium, occur as amorphous or crystallim* deposits. The sodium salt 
occurs in the brick-dust sediment so often seen in wintiM- urine. It 
occurs as amorphous «rranules or stellate or fan-like crystalline clus- 
ters. Its color is from pink to brown, according to the amount of 
urinary ])i<rment present. The calcium and potassium forms an* amor- 
phous. 

AnnnnHium urate occurs as coarse, s[>herical masses studded with 
s])icul'»s. The colors are yellow to deei)-brown and the crystals are 
known as *'hedtre-ho^'' or ** thorn apple" crystals, easily recotrnized. 
They are more apt to be found in alkaline urine. 

The above form the mixed urate sediment so often seen on 
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the sides and bottoin of the vessel. The dt^posil is increased by fever, 
wasting disease, or«:anie disease of the liver, dyspepsia and jrout. It 
is recofi:nized by its disappearance on the Hp]>li('a'ion of hrat. 

Osahitt of Ihnf occnrs in either acid o:* aK'alinc iiriiie. It is often- 
est seen associated with triple phosphates. Tli* eiystals are small, 
highly refractinir oetahedra or envelope crystals or **dniiib-beir ' crys- 
tals and are unmistakable under the micros(':>pe. Th(\v disappear on 
the addition *)f IK'l. (*aleium oxalate is a constituent of certain 




Fi^. 76— Oxal.'ilf of Calciiii 1. 



veiretables and their use increases y:reatly the amount in nornu^l urine. 
Tomatoes, rhuliarb, asparajrus and jrrapes contain extM-ss of the salt: 
"<rrcens/' cal)i»aL'(\ turnips and apples contain smaller aMiounts. Kx- 
cessivc meat inircstiou causes (»X(*rction of larj^e amounts of the salt. 

llippurii' (Kt'fl excreted in larjjfc amounts by tie* h(*i'bivt)ra. is 
foiMul only as a trace i!i normal urine. Alter takiutr IxMizoic acid or 
eatinir certain I'lMiits, the eiystals are se(»n, but have no clinical sii^niti- 
cauee. They oeeur as colorless j)iisms witli shaiply-d'tiuetl e.ds and 
as !n*e(lles. They (jo not respond to the nniiexide test as (l()i\s uric 
a<*iil. 

('(ihinfH si(l/,lntn crystals oeenr as ladiatin;; needles ami are of 
!itt le importance. 

I'hnsjihnh s. The alkaline phosphates an* not found in ur'inarj^ 
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sediment. The earthy phosphates are the ammonio-magnesium phos- 
phate, known as triple phosphate, and calcium phosphate. 

The first occurs in various forms, tlie beveled triangular prism, 
or *' coffin lids'' being the most characteristic. These may be square 
or oblong, are glassy or light-green in color and easily recognized. 
They disappear on fJn addition of acetic acid. Stellate feathery 
forms are less frequent but easily distinguished. 

Calcium phosi>hate is usually an amorphous, granular, white 
deposit which, as said, is precipitated by beat and may be mistaken for 
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albumin. Tbe ciystalline form, rarely seen, consists of I'ods. separate 
or grouped into wedues, or of sti'llate. colorlrss I'oscttes. 

The deposit of triple phosphate in fresiily voided urin(» means 
ammoniaeal deeomposition in the uriimry passage? , as ])yelitis and cys- 
titis. The dej)osit of pbosphates in otber urine oceuis in convaleseenee, 
in dyspei)sia, particularly nervous dyspt^psia. phtbi:-.vs and as pointed 
out by Sir William Roberts, in cancer. 

(\ifstinf is ran»ly s(»en. It may occur in diminished" bile secre- 
tion. It occurs as ()i)alescent hexagoiml tablets which sometimes over- 
lap each other. It aids in forming calculi. A drop of HCI or of am- 
monia on the slide causes its disappearance. With the latter it re- 
a])pears on t»vai)()rating the reagent. 

Lrurin is rare. It appears as white lamella* or as yellow spherules 
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likr <lr(»i)s of oil. It ri^einbles sodium urate, but unlike it is not dis- 
solved by heat. From oil droi>s they are distinguished by n«)t beintr 
dissolved by ether. 

Tfpnsin oeeui*s with leuein in small-pox, typhus, tvjihoid. in aeiite 
atrophy of the liver, Ieucoeytha*mia and in phosphorus-poisoniii«r. 
Tt orcnis in yellow-jrreen trlobules or as fine netMlle-like radiatinir 
crystals. 

HIST()I.O(;i(^ SKDIMKXT. 

The histol<»^ne S4»diment found in the urine ineludes i)us, blood, 
epithelium, easts, -spermatozoa and l)aeteria. More rarely are found 
fratrmeiits of tissue, of ne\v-trrowths. parasites or their etrjrs. 




F\K. 78 -TripU' Pho.<phatc>— Slow Precipitate. Ainorplnni'^ Urates. A Stellate 

I^'ornK. R Cotlin lids. 

/*i(s is the most fre<{uent hisloloj»ie eonstituent of the urine and 
may eome from any i>art of the urinary tra<*t. Pus-eontainin^ urine 
is turbid when voided and resjunids to th(» tests for albumin. Pus 
eorpuseles an» easily reeoirnized by the mieroseoi>e as pale, cireular 
cells eontainin*: finely »rrainilar i)rotoplasm and one to three distinct 
nuclei. Treatment with acetic acid causes them to lose their jrranular 
api>earaiice and the nuch^ to become distinctly visible. Their size 
is nearly double that of the 7-e<l blood corpuscle. When a quantity 
of ptis is treated with i)ot}issic hydrate it dissolves into a honioK^ne<ms, 
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sticky mass which will not How (Donne's test). In testing allow the 
pus to settle, then pour off the sui)ernatant liquid before addiuf? the 
hydrate. 

Pus is freipiently mixed with tniero-ortranisms and with epithe- 
lium or other tissue elements derived from the locality of its ori»rin. 

Pus derived from the kidney is intimately mixed with the urine 
when [)assed, the reaeti(m is acid and the kidney epithelium is found, 
and bladder symptoms are ai)sent. Renal epithelial cells are small, 
round or poly.ironal with a sinirle larirc* lUielcMis. Their siz(* distin- 
iruishes th(»m from pii.s cells. 

Pus-urine from the bladder is alkaline when voided or (piickly 




• ■«K 7<^ 'l'\ rosin Cr>>taN. 

becomes so, contains liberal (piantitics of nnicus. triple phosphates and 
flat. hu%^e cpitlh'lifd cells from the bladder. 

Pus from the urethra may be sipieezcMl out, or flushed out with 
the first drops of urine, hi eases of doubt, washin<r the urethra before 
micturition fret^s the urine from pus. In prostatic disease the pus 
often appears as lontr threads bound to»rether with nuicus. 

Jilnod. Hlood corpuscles appear in the urine under a number 
of patholot;ic conditions. Their bi-concave character and the alternate 
chanjre from dark to lijrht of rim and center, which takes i)lace on 
focusinjr, owing to this formation, aid in their recognition. After 
having been soaked for some time in the urint* they lose their sharp 
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uutliiHf, swell, jHieker and rc'wmhlr* tlu* pus corpuscles, but can be dis- 
tiniTuishcd by tlie abs(*nce of nuclei. If in doubt, a small quantity of 
the suspected sediment may be evaporated on a watch-*rlass and tested 
for hiemin. when small, dark characteristic crystals are formed, shaped 
like little rhombic plates or rods with sharp anirular ends. The hipniin 
test is simply made and is proof positive of bhxxl. To the dried res- 
idue is added a few crystals of common salt, a drop of jrlaeial acetic 
acid, and the mixture boiled. The crystals are seiMi under the micro- 
scope. 

The color of tht» urine depends ui)on the amount of contained 
blood and the reaction of the fluid. Acid urine darkens the color, 
alkaline urine brightens it. If in any quantity, the urine is markedly 
albuminous and elondy. When blood is derived from the bladder 
it usually forms elots, while blood comintr from the kidney is apt to 
be ditl'used bonioeneonsly. to be of dnrk-HMl or brown color and acid 
in reaction. On stHTKJitiur a browni.sh sediment is dt»posited. Some- 
times till end-like <*Iots are found. BhM>d-casts when asscKriated, show 
the source* of thi» hicmaturia to be the kidney. Acute Briirht 's disi»ase, 
ehronie inteistitial nephritis, mali«rnant growths, tuberciilosis, can- 
tharides, oil of turp(»ntine and other powerful diur«*tics are causes of 
luematuria. Iu.juri(»s an* often followed by blood. In n^nal abscess 
and renal ealculus the blood is liiixed with i)us. I rejxjrted a ca.se a 
few yeai-s atro of death IVo.n purpura haMuorrhaizica of the kidn(»ys. 
HUuul from the bladdi-r is occasioned by diphtheritic and acute cystitis, 
•-alenli, eareinoma, <*on<:estion, injuries, tibroids. polypi and varieose 
veins about the neck of the bladder. 

The urine is usually alkaline in reaction and if th(» h'e!norrha*re 
is oefjr iuned by cystitis pus. mucus and triple phosphates are found. 
In(*'.'Uiar clots occur, and the color is briirht-red. Rloo:l occurring: 
in liirire 'lunntities may conuulaie within the l)lad(l<*r. 

Efti'lul'unii exists in small (puintities in norTual urine, and is east 
of!" fvoni the niinai-y trad as from th«' body sui'face. the intestines 
and tlh' rcspirat(»!y tract. It is increased in disease of the <:enito- 
iMinafv svsirin. n- in (lis(»ase of the other surfaces named. The 
soiifcrs [\n\\\ wiiicji the epitlieliuni is drrivi'd call not in all cas<»s be 
t(»ld 1);. til.' \i\vv.\ ut" ihe cell. The larLTc. thit, iri'eirular s(puimous cells, 
with pi'o'iiiih-nl nuclei, arc derivt'd fi'(nii the bladder and the vajrina 
u\u\ ai'r the ir.Mist <lisiiiict ive <'ells met with in the urine The eoluninar 
cells. ••l(»n»:al<Ml s|)inr|le. cvlindrical. oi* caudate cells, with a well- 
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marked nucleus are derivable from any part of the urinary tract, 
from the pelvis of the kidneys to the urethra inclusive. Lastly, small, 
round or spheroidal granular epithelial cells with nucleus and nucleo- 
lus occur singly or in groups. Such <:;»lls are derived from the kidney 
tubules but are also found beneath the sn])ertieial layers of all the 
rest of urinary tract, hence in intiammations causing denudaticm or 
exfoliations are not distinctive. They occur in quantity in acute 
Bright 's disease and often are associated with casts. Sometimes the 
cells adhere to the casts. In cystitis the Hat. scjiianious cells predom- 




ImK. ."^^o— II\aline Casts. 

i.'iate over the other varieties, while in inflannnations of th<» tubes they 
occur very sparsely. 

CASTS. 

Casts an* moulds of the uriniferous tubules. The mode of their 
production and the ii:ateiial of wliich thev aie c()mi)ose(l are not yet 
ascertained. From thc^r ap])earance they may be sei>arated into three 
classes. 

(a) Clear or hyaline casts. 

(b) Casts co!nposed of histologic elements, as blood corpuscles, 
epithelium and pus cells. 

(c) Those consisting of waste-products, the result of tissue change. 
The urinary sediment having been separated by thi centrifuge, a 
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few drops are placed upon a ^lass slide or in a shallow cell and well 
distributed. With a low power and concentrated lijrht the field is 
carefully searched. Sometimes hyaline casts which are exceediiij^ly 
transparent, hence liable to escape detection, are bi^st seen in a sub- 
dued lij^ht or in shadow. They may be stained with iodine or nia^euta, 
which facilitates the search, but alters the appearance and may thus 
lead to wron^ inferences. 

Hyalinv casts may be i)erfectly clear and homogeneous or tliey 
may show slijrht granular structure in i)arts. Sometimes a fra^rment 




I'if(. 8i — Kpitlu-liil C:i>t-s. 

of epithelium adheres and rendiMs them more visible. They are very 
[)ale ami transparent, of varyiny; widths and lentrth.s, extendinji: in 
some casi's (*lear aeross the Meld. They are only i'ourul in albuminous 
uriiK* and (lisapi)ear from alkaline urine on standing'. Wide hyaline 
casts, more refract in»r than the above an* found, which exhibit the 
amyloid n^action. They were formerly ealled waxy casts and sup- 
j»os(m1 to indicate amyloid de^ietieration of the kidney. Sir William 
Koberts refutes this, and says th<» reaction is due to degenerative 
ehaiures in the easts themselv<»s. 

JiltKnl casts occur in (*ases of conirestion or ha*morrha*»e of the 
kidney. Ikmici* arc often ass(M*iated with blood in th(» urine. They con- 
sist of cylindrical moulds, ircnerally short and rounded at the ends, 
composed of tes.s(»llated blood corpuscles. 
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Epithelial casts are usually hyaline moulds to which the epithe- 
lium is adherent, sparsely, in clusters, or clumps. Sometimes, how- 
ever, the entire ei)ithelial lininir of a portion of the tubule seems to 
be exfoliated intact, ^ivinjL' rise to cylinders composed of intact epithe- 
lial cells. They intimate clearly a catarrhal or des([uamative intiam- 
mation of the tubules and arc highly important from a diajrnostie 
standpoint. 

I*us casts are rare, [)us corj^usclcs adlicrcnt to hyaline, jrranular 
or epithelial casts an* often stn^i. 

(rnuiuldr casts arc fre(|uently met with. They are moderately 
broad and as generally found one or both ends present a i)roken-off 




V'l^. 82 — Granular Casts. 

appearance. Sometimes one end is rounded, very rarely both ends. 
The granules vary from fine to coarse, and tbe colors are white, yel- 
low and dark. The tissue elements frecpiently clin^ to their surfaces, 
e])ithelium, fat, pus corpuscles or leucocytes. They indicate chronic 
dc«renerative chancres and are found in clironic parenchymatous and 
chronic interstitial nephritis. 

Fatt}/ casts indicate extreme chronicity and corresponding de- 
•renerative changes. They are commonly attri])uted to the large white 
kidney. The fat globules are studded over the surface of the east in 
such a way as almost completely to cover it. The globules vary in 
size and sometimes small fattv crystals co-exist. 
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Bacterial casts composed of masses of micrococci indicate grave 
infective processes. Under the microscope they appear granular, dark 
in color. They do not disappear upon the addition of alkali or acid 
and when examined under high power their nature is apparent. 

With regard to the diagnosis of the forms of kidney lesions from 
the variety of the cast Osier remarks: **The character of the cast is 
of use in the diagnosis of the form of Bright \s disease, but scarcely of 
such extreme value as has been stated. Thus, the hyaline and g^ran- 
ular casts are common to all varieties, the blood and epithelial casts, 
particularly those made up of leucocytes are most common in the acute 
cases." 

Cylindroids, described by Thomas, occasionally occur in the urine. 
These are long, ribbon-like structures with branching ends, trans- 
parent, colorless and hyaline. Their exact nature and significance is 
undecided. 

Sprrniotozoa are readily recognized by their shapes. The head is 
oblong or oval and the thin tail is directly attached. When alive they 
exhibit active cilia-movements. They are always found in the urine 
succeeding ejaculation, and are persistent in spermatorrhcea and in the 
urine of confirmed masturbators. They are occasionally found in 
acute infections and in post-epileptic states. 

Bacteria. Yeast fungi and fission-fungi are found in stale urine. 
The latter in habitual catheter users. Ammoniacal bacteriuria is the 
name given to the condition resulting fnmi annnoniacal bacterial fer- 
mentation within the bladder. It is common in catheter users. The 
principal agent in its production is the micrococcus urea?. 

The pus-producing organisms, as well as the bacteria of all in- 
fectivj* diseases, may be found in th(» uriiu*. Bacillus tuberculosis is 
found in tubercular infection of any i)art t)f the tract, and the gon- 
ococcus in urethral infection. The first is st^arched for in the concen- 
tratt'd sediment, after treating it just as sputum is treated. 

Oonoeoeci lie in pairs fdiplocoeei ) within the pus-eells. In recent 
infection tlH\v are nhiindant and (^asily fontid in the purulent 
secretion. 



SECTION XVI. 

THE F/ECbS. 

A complete examination of the fuKies includes macroscopic, micro- 
iicopic and chemic examination, and is of importance principally as a 
^i^uide to the state of assimilation or mal-assimilation of the food. 
*Such research is not always necessary for dia^^nostic purposes. The 
number and character of the movements should be inquired into and 
whether they are easy and natural or produced by effort and strain- 
ing, whether they are followed by pain, descent of the mucous mem- 
brane, haemorrhoids, bleedinjjf or other unusual phenomena. In the 
inspection of the stool, the color, odor, quantity, consistency, form and 
appearance are noted. 

Both the frequency of the discharges and the amount of the de- 
jecta vary with the individual, as well as with the amount, kind and 
quality of the food injrested. It is influenced by ajre, sex, habit and 
occupation. While normally the bowels should move once in twenty- 
four hours in adults, departures in either direction cannot be pro- 
nounced uniiatural. Many individuals habitually have two or three 
movements per day; others, a movement each forty-eiirht hours. 
Regularity and the resultant effect on the health of the individual 
are more to be considered than physiologic rule. It is wiser and safer 
not to disturb the established order and habit of the bowels, provided 
the health equation remains unaffected, than to attempt to establish 
new habits, especially in adults, but the inculcating of correctness and 
regularity in the child and the beneficent effects thereof, cannot be 
over-estimated. 

In nurslings and milk-fed infants the number of stools varies 
from three to five in twenty-four hours, decreasing with age and mixed 
diet. 

Constipation is a bodily condition or habit in which the amount 
of the f feces and the number of the movements are less than normal 

Obstipation is the temporary or permanent absence of movement • 
<Ju(» to some pathologic cause, and is generally symptomatic. 
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Dianhaa is an increase in the number and amount of the dejecta^ 
usually accompanied by a ehanjje in their character. 

Painful straininjr at stool is called (nusmus, while the acute^ 
colicky pains which accompany diarrhoea are called tormiiia. 

Pain, burning and itchinjr, succeeding; stool, demand an exam- 
ination of the lower bowel for the presence of fissure, ulcer, abscess or 
hiemorrhoids. Cancer, syphilis and tuberculosis of the lower bowel 
may cause ^reat pain with evacuation. In a case of tuberculosis of 
the rectum, under o!)servation, the pain is severe and lasts from one to 
two hours after the movement. Descent of the bowel and haemorrhoids 
are readily detected by examination. Hectal prolapse in children is 
not infreciuent. 

Jns[Hviiot\. The normal color of the f trees is brown or yellow- 
brown, but varies with the food eaten. In childreiv the milk stool is 
lipht-yellow. (-hocolate and corn syrup impart a dark-brown or black 
color to the dejecta. ( -ertain jrreen vejretables, as spinach and sprouts 
produce ^reen stools, due to the contained chlorophyll. The green 
color seen in infantile diarrhoeas is due to butyric and lactic acid 
fermentation, acting on the bile coloring; matter. In adults screen 
stools may sometimes be attributed to a micri)scopic vegetable growth 
known as chlorococcus. Minerals such as iron, bismuth, lead and 
manganese, taken by the mouth, impart a black color to the stools, 
due to the formation of the sulphides of th^'se m..^tals. Motlling is not 
infrequent but has no special significance. Fresh blood imparts a 
bright-red color to the fjeces, which changes to dark-brown when the 
matter is retained within the bowel. If retained for a considerable 
time the stools become black and tarry, due to hannatin. Clay-color 
indicates lack of bile. The normal color dej)ends upon the amount of 
bile-pigment present and the amount of change the latter has under- 
gone, the results being bilirubin, biliverdin and their oxydatiou 
product choletelin, or their reduction product hydrobilirubin and 
stercobilin. 

The fcetor depends in a large measure on the presence of indol 
and skatol which are the outcome of putrid bacterial acti\'ity: the 
decomposition of albuminoid sub.stances, and ui)oii thi» presence of 
certain fatty acids. Sulphuretted hydrogen, traces of hydrogen phos- 
phide, anunonia and organic bases contribute to the odor. In some 
catarrhal diseases and in dvsenterv the odor is excessivelv offensive. 
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In gangrene it may be putrefactive or cadaverous. Infantile and sum- 
mer diarrhoeas have a sour odor due to fermentative changes. 

The quantity of fa»ces evacuated in a day depends upon the diet, 
being greater with a vegetable or starchy diet than on meat diet. The 
average quantity is about 150 grams a day, varying between 60 and 
250 grams ( Yeo), of which about 75 per cent, is liquid. The more 
rapid the [)assage of the ingesta through the bowels, the greater the 
amount of fluid which remains with the fjeces, which explains the 
diminished consistency of stools caused by intestinal irritants and 
substances which stimulate peristalsis. In diarrhceal diseases the 
amount of fluid is nuich increa.sed. 

The r(t}isist( ncjj of the normal stool is such that the passages are 
formed and firm. A thick, nni.shy consistency is more usual in sum- 
mer time when vegetables and fruits are largely indulged in. x\s said, 
the consistency increases with retention. Kxperiments made by myself 
to determine the time re([uired for non-irritating substances to pass 
through the nornuilly active healthy bowel, seemt^d to establish thirty- 
six hours aK a fair average. 11. (•. Wood states, on what authority I 
know not, that only four hours are reciuired for the contents of the 
bowel to pass from the pylorus to the ca*cum. 

Although the reaction of the large intestine is markedly acid, due 
to acid fermentation, yet the reaction of normal fieces is neutral, 
sometimes alkaline, more rarely acid. The alkalinity is due to am- 
moniacal fermentation, and is increa.sed by meat diet, the acidity to 
lactic and butyric acid fermentation, but sometimes acetic and pro- 
pionic acids are found. Vegetable diet assists in their production. 
Much nuicus renders the stools alkaline. The acid reaction of 
nurslings and milk-fed infants is due to lactic and free fatty acids. 

Composition. The fieces are composed of the undigested parts 
of the food, the useless and injurious portions of the various secre- 
tions, decomposition and microbic products and gases. 

Among the first are found yellow ehistic tissue, tendons, nuclein, 
epidermic and horny substances, vegetable fiber, chlorophyll, gums, 
resins, cellulose from vegetable sources, particles of food which, from 
imperfect mastication have not been acted upon by the digestive 
juices, alimentary substances which are assimilable, but of which an 
excess has been taken, especially fats and starches, insoluble salts, as 
silicates, sulphates and phosphates of calcium and ammonium-mag- 
nesium phosphate. 
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In mixed diet the waste secretions exceed the residue derived from 
the in^resta, and consist of intestinal mucus, epithelial cells, sub- 
stances which failed of absorption, as decomposed bile, coloring mat- 
ters and inor^?anic salts; free fatty acids from acetic up to palmitic 
acid, butyric, lactic, cholalic acid and cholesterin; indol, skatol, cresol, 
phenol, leucin, tyrosin, each may appear under certain conditions. 
The gases expelled are COo, CH^, 11, X, lljS. The N is derived front 
swallowed air, the rest arise in the course of decomposition. 

The meconium is the name given to the contents of the intestine 
which accumulate during foetal life. It is usually evacuated soon 
after birth. Its color is dark-green or brown and its consistency salve- 
like or tarry. It is acid in reaction and devoid of ftecal odor. It 
consists of epithelial cells in abundance, cholesterin, fats, fatty acids, 
mucin and bile-coloring matters. 

The stools of milk-fed infants contain fats, fatty acids, casein,* 
epithelial cells, lactate of calcium, mucin, coloring matters and bac- 
teria. In infants fed on cow's milk, the casein is much increased over 
that of breast-fed infants. 

Acholic stools are wanting in bile. The color is blue-clay or 
chalk-paste. They are very feet id and contain large quantities of fat. 
Suppression of the pancreatic secretion is followed by fatty stools, 
and their persistence should be viewed with grave suspicion. 

Diarrhoeal stooLs contain excess of water. When due to catarrhal 
conditions they contain epithelium and much nuicus. In acute cases 
the latter imparts character to the passages, which are named mucous 
;stools. Medicinc»8 which hasten peristalsis produce the same w^atery 
evacuations. Further, the activity of the peristalsis prevents absorp- 
tion, hence hurries down nuich unassimilated food substance. 

The characteristic typhoid stool is offensive, abundant, thin, gray- 
ish-yellow, granular, and in appearance and consistency resembles 
pea-soup. The reaction is alkaline. They sometimes contain blood, 
shreds of necrotic tissue, and, generally, anunonium-magnesium phos- 
phate. On standing they separate into two layers, an upper, serous 
layer containing albumin, and a lower layer containing the residue, 
food and e[)itheliniii. After the end of the first week is found the 
Eberth bacillus and a poisonous base known as typhotoxin. Blood 
and necrotic shreds are n^iognized by the microscope. 

Cholera stools are ever likened to rice water; thin, turbid or 
translucent. Koch's spirillum or coma bacillus abounds, especially 
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early in the disease. Epithelial cells in abundance are seen under the 
microscope. The discharges contain nitrites which, with the indol of 
the stool, gives a blood-red color on the addition of dilute sulphuric 
acid. The reaction is diagnostic. 

The discharges of dysentery are peculiarly foetid, voided with 
great tenesmus, tinged with blood, contain much mucus, and, in old 
cases, fragments or sloughs of mucous membrane and pus. Amoeba 
coli characterize the form known as tropical dysentery. Fresh dejecta 
must be examined upon a warm stage in order to demonstrate their 
presence. The fibrinous casts and shreds of mucus should be examined 
by floating in water. 

Gall-stones and enteroliths are sometimes found. When gall- 
stones are suspect ihI, the .stcx>ls should be passed into a cheese-cloth 
** crab-net" over a wire frame, placed in the closet, then washed in 
running water. The stones are recognized by their hardness, shiny 
ap[)earance, color and facets, giving them an uncut crystal appearance. 

Enteroliths are solidified food concretions of varying, usually 
small, size. Seeds, animal parasites, eggs and larva* are often found 
in the faeces. 

Pus occurs in cases of abscess rupturing into the tract or in 
destructive inflanmiations of the bowel itself, as in dysentery. 

In cases of tuberculous, syphilitic or cancerous ulceration i)us is- 
mixed with tissue shreds and blood. 

Mirroscopic Examirmtian. When very thin the faeces can be ex- 
amined without dilution, or a small portion may be thinned w^ith 
water, spread on a cover glass, dried, fixed and stained in the usual 
way. Bacteria, pus. blood, epithelial cells, crystals, and detritus are 
thus recognized.; In conditions of intestinal suppuration, leucocytes 
are found. The crystalline sub.stances encountered are fat crystals, 
phosphatic crystals, oxalate of lime, sulphate of calcium and occa- 
sionallv others. 
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THE ROENTGEN RAY IN DIAGNOSIS. 

The X-ray contributes very considerably to the science of diag- 
nosis and in some cases, at least, aftords aid at just the point where 
other methods are imperfect or totally inadetpiate. Hence it is to be 
regretted that the system is not of more universal applicability. In 
private practice' its use is not yet extensive, but at present all large 
hospitals and most snuiller institutions, as well as many physicians' 
offices, are equipped with the necessary apparatus. 

Since, liowever, for a lon^ time to come the jrreater number of 
examinations for ascertain inpr the physical condition of patients must 
be conducted without its aid, practitioners will do well to cultivate 
and practise* the older methods of diagnosis, even in the instances to 
be describ(»d in which its use att'ords us most comfort by reason of its 
certainty. 

The static machines constructed for office use are e(iuipped with 
the necessary X-ray apparatus. They are expensive, bulky, station- 
ary, but effi(*ient. At present the work is jrenerally confined to men 
of special training;, but experience is the only recpiisite. 

For purposes of diagnosis in diseases of the chest a high pene- 
tratinjr power is uiniecessary and less efficient than one of lower power 
since th- latter renders less transi>ai'ent the or^rans which we most 
wish to examine, by reason of such solid orirans obstructing the softer, 
less penetratin»r rays. This is broujrht about by usiui; Crooke's tubes 
of less perfect vacuum than those necessary for viewing the bones 
and larjre joints. Such tubes are technically called soft tubes. 

77/ r Examination. The examination may be direct, by the use 
of the ffuoroscope, to which proceeding the name radiosvopy, or Ront- 
goscopy, is ^iven; or the examination may b(* indirect, by making 
radiotrraphs or plates from which i)rints are made. The latter process 
is called raflioffraphif. 

A tluoroscope is simply a piece of card-board coated with a tluor- 




Fig. 8.^ — Normal Chest The natural bulge in aorta referred to in text is ,sceii 

at B, 

^examination reqinres that the patient be ^ut>nutted to tht* ortleiil lor 
n nmch loiiijer titiit* tlmii is necessary to secure the t*'^**tt>*rrnphic 
picture, and is tiresome likewise to the examiner. In eaM^ of severe 
illnt^^ this is a pe^iiit worthy of eonsideration. On the other hand it 

is the oidy way in whieh pulsations, the minenienls of or^an^i. and 
t*han|s'e?i in the |K>,sition of HiiitlH may he appreeiated, 

As intimated, experience and m^d jndj^ment pla^' no small part 
in fonninjj eorreet eonelnmons hy this method, since <inly by fM-Rctiee 
and experience tlie reiative position* size and ijuaUlies of thi* orirans 
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in the shadow pictures can be learned, as -all these vary with the 
distance between patient and light, and other factors. 

Radiography is most useful in doubtful and disputed cases; the 
f)rints have a certain medico-legal value, can be used for measvire- 
ments and comparisons, and when successive pictures are obtained 
show positive results of treatment or of the advance of disease, and 
furnish us with permanent records. 

Since the improvements in apparatus and technique, the neces* 
sary exposure has been so shortened that at present satisfactory pic- 
tures are obtained by exposures of less than a second (von Ziemssen). 

Fluoroscopic Examination: Radioscopy. The examination is con- 
ducted in a dark room and is simplest and most satisfactory with the 
patient erect, as in this position only are the normal relations pre- 
served. The Oooke's tube is i)laced behind the patient in the median 
line at a distance of about two feet, on a level with the part to be 
examined. A fenestrated, adjustable metallic screen, or a Beck's. 
diaphra^rm, placed between the tube and the patient is useful for 
concentrating the light on a particular point and for cutting off 
extraneous niys. In case the patient is unable to stand, the tube is 
adjusted under a canvas cot on which he rests. The fluon>scope is 
placed directly in front of the chest walls. 

Ronttren ray burns are the result of too long or too oft-repeated 
exposures. Restricting the single exposures to five minutes, and not 
repeating thest* oftener than at intervals of every three days, is said 
to be a safe limit. 

THE THORAX. 

The lu^althy lungs do not perceptibly intercept the rays hence 
their ininge appears only as n faint shadow. The vertebral column, 
the ribs, clavicles and ster-num are plainly seen. The i)ericardiuni, 
the outlines of the heart and its movements are distinct. The great 
vessels are le.ss distinct, but visible. The movements of the diaphragm 
are (li.stiiiet and when restrained the liniitaticm may be detected by 
ihe |)raetis(Mi ()l)s(»rver. In ehildren, and irenerally in adults, the bifur- 
eation of the trachea may ])e se(»n. 

The apex of the heart shows shar|)ly during deej) inspiration. A 
bend or pr-otuhei-anee upon the left of the aoi'ta, a])ove th(» pericardial 
sae. reseni])linir an aneurysm is often seen and nii^^ht be mistaken 
readilv foi* sn<*h a irrowth. 
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Fig. 35-^Disseminate(| F^ilimmary Tubcrculosjs, both ktng:^, Johns Mopkhis 

Hospital, F. H, Bactjer 
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The unequal heights of the two sides of the diaphragm is strik- 
ingly seen, the right side being always the higher. This shows best 
during deep inspiration. In case of hypertrophy of the heart the left 
diaphragm is sunken below the normal plane, while in early tubercu- 
losis Williams finds the structure abnormally high. 

Diseases, injuries or malformations of the vertebrae, supernumer- 
ary ribs, or foreign bodies within the thorax are easily recognized. 

Cardiac hypertrophies and dilatations not only can be recognized 
but differentiated (von Ziemssen). Displacements, effusions into the 
pericardium and aneurysms of the or^jan are made out, as are also 
mediastinal tumors. 

While the healthy lungs give almost no image, yet diseased con- 
ditions are fairly well brought out by the rays. Pulmonic solidifica- 
tions, especially deep-seated foci of pneumonia almost impossible to 
demonstrate otherwise, appear, as do tuberculous solidifications, 
vomicfie, abscesses, bronchiectasis, atelectasis and calcifications. 

Cavities with thickened walls are seen as shadows surrounded by 
lighter areas. Incipient tubercular lesions show but little, and it is 
doubtful if they can be recognized by the rays before they are demon- 
strable by other means. 

Effusions into the pleural cavities are markedly opaque, and the 
movements to which they are subject are strikingly shown. Serous 
effusions appear more opaque than do those of pus. The boundarj^ 
line between effusion and air in hydropneumothorax is distinct. Pul- 
monary retraction resulting from old pleurisy, as well as thickening 
and deposits upon the pleural membrane, all show in the plates. 

Irregular movements of the diaphragm and restrictions of its 
excursions are easily studied. The diaphragm separates from the 
heart during deep inspiration. 

During forced inspiration the lung shadow is diminished. In 
emphysema the lung shadow is fainter still than in normal lungs. 
The heart obstructs the shadow of that portion of the lungs which it 
covers. 

Sclerosis of the deep vessels can be recognized only by the x-ray 
picture. The position, size, shape and type of intrathoracic aneurysms 
are better told by the skiagraph than by percussion and auscultation, 
and repeated instances are recorded in which they have been discov- 
ered by this means when their presence was unsuspected. Pulsation 
distinguishes them from solid tumors of the same area. 
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THE ABDO.MEX. 

In diseases of tlie abdomen a somewhat harder tube than that 
used in chest work is desirable. Skia^rai)hy gives the best results. 
The solid liver shows best: the intestines are discernible only occa- 
sionally, but their contents show. The triantrnlar psoas muscle can 
be seen. The outline of the stomach is shown by coating its walls 
with a substance impenetrable by the rays, as subnitrate of bismuth, 
or by the introduction of a Hexible steel wire covered with rubber. 

Tumors of the stomach show only when of considerable density. 

Kadiogniphs of the intestines are obtained in the same manner 
as has been suggested for taking skiagraphs of the stcmiaeh. One 
ounce of bisnmth subnitrate is suspended in a quart of milk. The 
skiagraph of the stomach nuiy be taken immediately after its inures- 
tion. Six hours later the picture of the small intestine is taken; 
twelve to twenty-four hours later the colon shows best in the print. 

Recent examiners are all in accord in stating that the position of 
the stomach as descril)ed in the text-be M)ks is incorrect. The vertical 
position, as referred to in tht» descriptitm of thr organ in the section 
on anatomy, and the position which has usually beiMi considered and 
(les(*ril)ed as ptosis or moderate prolapse, are most often observed. 
The same nuiy be said of the intestines; what formerly has been re- 
garded as i)rolapse of the <*olon is mon* commonly foiuid than the so- 
(*all(»d normal position. 

The examinations show that dilatation and prolapst^ are fi'C- 
(juently met with, esjxvially in wouhmi. 

More extended re.seardi will probably change many of our ]>reva- 
l(»nt id(^ns on these topics. 

The spleen ap])ears indistinetly, as do also the kidneys. They 
appear in the r-adioirraphs but are seldom seen by the iluoroscope. 

Diseases, fractures and dis|)lacements ot* thi* lumbar verlebne: 
caleuli of kidneys, ureter, bladder and prostate, and those of the 
hepatic duet and L'all bladder are demonstrable. 

The siz(\ sliajje and position of the liver an* easily studied by the 
rays, and abscess, when present, is revealed. 

Biliary calculi are dilVicult to show in the picture and nuieh de- 
pends on their . '/nip«>sit on. but in recent years the diflficulties have 
been successfully overcome. 

irydr()ne|)hrosis and cysts of the kidney have been denumstrated. 




Fig. 87 — Aneurysm of Aort;*. Johns Hopktiu. Hospital, F. H. Bsitljcr 
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but it is in calculi of these organs that the pictures are of paramount 
usefulness, since the absence from a good plate of indications of their 
existence justifies a negative diagnosis in most cases. Ureteral and 
vesical calculi also can be skiagraphed. 

The Rontgen ray diagnosis of renal calculi is more satisfactory in 
children than in adults. The most important factors are the size and 
composition of the stone, the size of the subject under examination, 
and the condition of the kidney, according to Smart. lie says that 
pure uric acid stones are the most difficult to detect ; pure phosphatic 
stones ranking next. A combination of uric acid with phosphate or 
oxalate of calcium is more easily detected, while pure oxalate stones 
are the most opaque to the rays. Occasionally a collection of pus or 
induration of the organ may obscure the shadow. The intestines of 
the subject should be well emptied by enemas and purgatives, and all 
clothing removed from the parts of the body which are to ai)pear in 
the negative. 

Breathing should be restricted by an abdominal binder in the case 
of children, as the movements of the kidneys interfere with the sharp- 
ness of the pictures. Adults may be placed face downw^ards on a. 
canvas cot, the weight of the body being sufficient to limit the respira- 
tory excursions. In this case the tube is placed under the cot, and the 
plate on the patient's back, as^before described. Both kidneys and; 
both ureters should be included in the picture. In case of doubt, the 
exposure should be repeated a few days later, the conditions being as 
nearly similar as possible. 

Foreign bodies in any part of the abdomen are easily located, 
especially if metallic, as nails, tacks, coins and the Murphy button.. 
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Abdomen, 255 

alterations of, 255 

anatomy of, 256 

auscultation, 256, 264 

enlargements, 260 
causes of, 260 

general considerations, 255 

inspection, 259. 280 

methods of examining, 259 

palpation, 261 

percussion. 262, 280 

planes of reference, 256 

shape of, 259, 271 

topography, 256 

tumors of, 275, ZTJ 

retraction of, 260 
Abdominal pain, 262 
Abscess of fauces, loi 

of liver. 281, 283 

of lung. 132, 140 
Absorption, gastric, 304 
Acetic acid, 298 

detection of, 301 
Acetonuria, 324 
Achromatoph.ilic, 238 
Acids in gastric contents, 300 

acetic. 245 

detection of, 300 

butyric. 300 

hydrochloric. 296 

estimation of. 301 

lactic, 298 

detection of, 300 
Acidity, total gastric, 300 
Addison's disease, 254, 302 
Adherent pericardium, 195 
Adventitious sounds, 81, 176 
Alar chest, 31 
Albumin, 317 

coagulation test, 319 
Heller's test for. 318 
Potassium ferro-cvanide test for. 
318 



Albuminuria, 199, 317 

cyclic, 317 

lesions causing, 317 
Albumoses, 303 

test for, 303 
Amylolysis, 303 
Amoeba coli, 341 
Anacrotic pulse, 65 
Anaemia — 

in Addison's disease, 254 

dyspnoea of, 100 

in gastric carcinoma, 250 

in Hodgkin's disease, 254 

pernicious, 250 

in purpura, 254 

splenic, 251 
Anatomy of aorta, 228 

of chest, 27 

of heart, 159 
Anasarca, cardiac. 211. 294 

general. 294 
Aneurysm, 228 

of ascending aorta, 230 

BramweH's classification, 23a 

of descending arch, 231 

differential diagnosis. 232 

of innominate, 232 

physical signs, 229 

pressure symptoms, 230 

special diagnostic symptoms, 232, 
-'35 

Smith's sign, 232 

thoracic, 228, 231 

of transverse arch. 231 

tracheal tug, 22^2 

x-ray diagnosis of, 49. 349 
Aneurysmal bruit, 230 

thrill, 230 
Amphoric breathing, 81 

resonance, 75 

voice. 85 
Aorta, anatomy of. 36 
Aorta area, 183 

associated murmurs, 212 
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Aorta— 

incompetency, 183, 186 
mechanism of, 210 

murmurs of, 185 

physical sij^n. Jii 

notcli. 66 

obstruction, 183 

stenosis, i8<^, JI4 

diagnosis of. Ji6 

stenosis and incompetency, 217 
mechanism of, 217 
physical signs of. 217 

thrill. 215 
Apex of heart. i(k) 

meth<»d of locating, 55, 162 
Area of absolute cardiac dullness, ^7 

167 
Arhythmia. 58 
Apoplexy, pulmonary. 139 
Appendicitis. 2()0. 276 

palpation in. 271 

diagnosis of. 278 

physical signs of, 276. 278 

leucocytosis in. 240 

tumor in, 279 

varieties. 276 
Arterial murmurs. 62 
Ascites. 294 

causes. 294 

hepatic cirrhosis, J85 

in hepatic cancer. 285 

diagnosis <»f. 295 
Associated cardiac murmurs, 179. 212 
Asthma — 

bronchial, no 

cardiac. 214 

renal, no 
Atrophv of optic nerve. 8<) ' 

Auscultation. 70 

of heart. 170 

immediate, 76 

mediate. 76 

of voice. 84 
Auscultatory percussion, 2f) 
Axillary regions, ^^^, 42 

boundaries. 33 

contents. 42 

divisions. 34 

B 

Bacelli's ^ign. Ht), iji 



Bacteria of bronchiectasis, n3 

of broncho-pneumonia, 136 

in gastric carcinoma, 305 

of pneumonia, 134 

in urine. 336 
liarrel chest, 30 

causes of, 30 
Basophiles. 238 
Bell sound. 8() 

in pneumothorax, 86 
Bellows murmur, 291 
Bile pigment in urine. 324 

Cimelin's test for, 324 
Bizzozero's plaques, 236 
Bladder, 290 
Boas-Oppler bacillus, 305 
Boas' test meal, 298 

test for 11 CI, 299 
Blood, examination of, 236 

in abdominal diseases, 255 

in Addison's disease. 254 

in chlorosis, 249, 252 

corpuscles of, 237. 2^ 

counting apparatus. 241 

diluting fluids. 244 

films, 246 

fixation of, 246 

in gastric carciiUMua. 305 

haemoglobin of, 249 

in Hodgkin's disease, 254 

in intestinal obstruct i(m. 274 

in lobar pneumonia, 135 

in Ivmphatic leukaemia. 251 

malarial organism of, 248 

normal elements of, 236 

nucleated red cells of, 237 

in pericarditis, 241 

in pernicious anaemia. 252 

in phthisis, 157. 254 

pla<iues of. 236 

in pneumonia. 135 

preparations, 246 

in purpura, 254 

in splenic leukaemia, 251 

in spleno-medullary leukaemia. 241, 
251 

staining, 247 

in stool, 274 

techni(iue, 246 

test for presence of. 331 
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Blood- 
in urine, 331 

color imparled to, 332 
Breathing — 

(see also Respiration) 

absent, 79 

amphoric, 81, 153 

bronchial, T], 79, 119. 151 

broncho-vesicular, 49, 78, 80, 
130, 148 

cavernous, 80. 152 

diminished. 79 

in pneumonia. 130 

in phthisis, 148 

puerile. 78 

supplemental. 78, 130 

tracheal, T] 

tubular. 49, TJ, 131 

types, 48 

vesicular, 78 
Hroadbent's sign, 195 
Bronchi, division of. 41 
Bronchial stenosis, 114 

asthma, no 
Bronchiectasis, in, 145 

differential diagnosis. n4 

physical signs, \\2 

varieties, ni, 145 
Bronchitis. 106 

acute. 106 

capillary, 107 

chronic. 108 

physical sign^ of. io(). 107 

sputum of, 107 
Broncho-pneumonia, 136 

diagnosis of. 139 

from acute tuberculosis. 139 

physical signs. 138 

terminations, 137 

tuberculous, 143 

I)hy.sical signs of. 144 
Bronchophony. 85 

in bn)nchiectasis, 113 

in broncho-pneumonia, 138 

in pleurisy, 122 

in pneumonia, 131 

in pulmonary tuberculosis, 15: 

whispered, 86 
Bruit, aneurysmal, 230 

de cuir neuf, 191 

de diablc, 61 



Bruit— 

de galop, 191, 225 

in phthisis, 148 

de souffle, 212, 291 
Butyric acid, detection of, 300 



Cancer, gastric, 250, 2^)9 

diagnosis from liver enlargement. 
286 

hepatic, 284 

of rectum, 282. 338 
Canter rhythm. 191, 221, 
Calculi, diagnosis by x-ray. 355 

intestinal, 272, 282 
Capillary pulse, 63 
Caput Medusa?, (K), 294 

in atrophic cirrhosis. 285 
Carbohydrates, 320 

in urine. 320 
Carcinoma, gastric, 250. 2()9 

acetone in. 324 

of liver, 284 

rectal. 282. 338 

urine in. 320 
Cirdiac cycle. 159 

changes in. 189 

defects, congenital, 222 

diastr)le. 159 

dullness. 37. 167 

impulse, displaced, 168 
normal, ifx) 

lesions, order of frequency. 178. 221 
in tuberculosis, 151 

nnirmurs. 177 (see Murnuirs) 

systole. 139 

valves, location of, 160, 174 
reduplication. 176 
sounds of. 174 
Cardiac orifice of stomach. 46. 2(V> 
Cardio-respiratorv murmur. 187 
Ca>e- 

records. iq 

value of, 19 

taking, 20 
Casts, 7,},}, 

bacterial, 336 

blood, 332, 334 
epithelial, 335 
fatty, 335 

fibrinous, 94 
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Casts — 

granular, 335 
hyaline, 334 
pus, 335 
urinary, ^33 
Cataract, 90 
Catarrh, intestinal. 272 
Cavities, 145 
Cells, behavior to dyes, 238 

mast. 238 
Chemical dyspmra. 100 
Chest, adult, 28 
alar. 31 

alterations produced by disease, 48 
anatomy, 32 
barrel, 30 
emphysematous, 30 
infant, 27 
funnel breast, 30 
landmarks of, 34 
normal, description of, 47 
pigeon breast. 29 
paralytic. 31, 116 
phthisical, 31 
rhachitic, 29 
regions of, 32 

transverse constriction of, 29 
types of, 29 
Chautard's acetone test, 324 
Chill. 132 
Chlorosis, 60 
Cholelithiasis, 67 
Cholera, stools of. 341 
Cholesterin in pneumonia, 135 
Choroiditis. 88 
Clavicle, relation to ribs, 41 
Clubbing of fingers, toes, 104, 112, 157, 
223 

causes of, 105 
Coin ring. 86, 128 
Colic, abdominal. 274 
hepatic, 276 
intestinal. 279 
renal. 276, 279 
Colitis, membranous. 273 
Coloptosis. 280 
Concretions, bronchial. 146 

jnilmonic. 146 
Congenital heart diseases, 222 
C()nstii)ation, 84. 270. XV 



Consumption. 143 

(see Tuberculosis) 
Cor Bovinum. 163 
Corpuscles, red. 237 

counting, 243 

white, 238 
Corrigan pulse, 58 
Corset wearing, effects of, 260 
Cough, 91 

in aneurysm, 230, 234 

in bronchiectasis, 24 

causes of, 91 

characteristics of. 92, 133 

dry, 91 

moist, 91, 93 

paroxysmal, 107 

stomach, 91 

sympathetic, 92 

varieties, 91 

whooping, 92 
Cracked pot sound. 75. 121, 131, 13-2. 

152 
Crenation, 237 
Crepitans redux, 132 
Crepitation, 86 

gall stone. 275 
Crepitus, 86 
Crescents, 249 
Crook's tubes, 342 
Croupous pneumonia. 129 
Crystals, Charcot-Leyden, 94 

in leukaemii, 251 
Curschmann's spirals. 94, in 
Cyanosis, 103, 223 

causes, 104 

chronic. 104 

congenital, 103 

relation to dyspncea, 104 
Cyrtometer, 51 
Cystin, 329 
Cytometer, Thoma-Zeiss, 241 



Daland's h.-ematocrit, 245 
Dare's haemoglobinometer. 253 
Deglutition pneumonia, 136 
Dexiocardia. 164 
Diabetes niellitus. 321 
Diaccturia, 324 

"Significance, 324 
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Diaceturia — 

test for, 324 
Diagnosis defined, 18 

importance of, 22 

methods, 17, 19 

x-ray in, 342 
Diaphragm, 32 

anatomy of, 32, 42 

in emphysema, 109 

height of domes, 32, ^y 

openings in, 42 
Diarrh(ea, 338 
Diastohc murmurs, 206 
Diazo reaction of Ehrlich, 325 
Dicrotic notch, 65 

wave, 64 
Digestion products, 302 
Digiti Hippocratici, 104, 112 
Dilatation, cardiac, 223 
Diplococcus pneumoniae, 134 

examining for, 134 
Direct murmurs, 184 
Divisions of bronchi, 41 
Donne's test for pus, 319 
Doremus' ureometer, 313 
Dropsy, (see Ascites) 
Dry pericarditis, 190 
Ductus arteriosis, patent, 222 

in heart diseases, 222 
Dullness, dehnition of, 72 
Dysentery. 280 

agglutination test for, 281 

bacteriology. 280 

differential diagnosis. 281 

stools of, 341 

varieties, 280 
Dyspnoea, 99 

anaemic, 100 

aneurysmal. 230, 233 

of bronchial stenosis, 115 

causes of, 99 

cardiac, 99, 214 

chemical, 100 > 

classification, 100 

expiratory, 100 

inspiratory. 100, ill, 130 

laryngeal, 99, no 

mechanical, 100 

nervous, 10 1 

of pulmonary embolus, 140 

paroxysmal, 103, 115 



Dyspnoea — 

of pneumonia, loi, 130, 133 
physical signs of, 100 
renal, 103 
of tuberculosis, 156 



Eberth's bacillus. 340 
Echo, amphoric, 87 
Echinococcus, 285 
Effusion, pleuritic, 117 

point for tapping, 34 
Egophony, 85, 119, 131 
Ehrlich's diazo reaction, 157, 325 

triacid stain, 247 
Eichhorst's pulse scale, 55 

corpuscles, 250 
Elastic tissue, test for. 154 
Ellis* curve, 118 
Embolism of pulmonary artery, 139 

diagnosis of, 140 

physical signs of, 140 
Embryocardia, 225 
Emphysema. 108 

compensatory, 108 

diagnosis of, 109 

physical signs of, 108 

varieties, 108 
Emphysematous chest, 30, 108 

causes of, 30 
Endocarditis, acute, 226 

malignant, causes of, 226 

symptoms of, 227 

simple, causes of, 226 

symptoms. 226 
Endocardial murmurs. 176 
Ensiform cartilage, 41 

variations in, 41. 260 
Enteroliths. 341 
Enteroptosis. 280 
Eosinophiles, 238 

in leukaemia, 251 
Epigastric pulsation. 163, 206 

significance of. 163 

region, 41 
Epileptics, pulse rate of, 57 
Erythrocytes, 236 
Ethereal sulphates, 315 
Ewald's test meal, 297 

salol test, 305 
Fwart's sign, 193 
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Exocardial murmurs, TJ 

Expectoration, 93 
amount, 93 
of bronchitis, 107 
of pneumonia, 133 
of phthisis, 154 
varieties, 93 
(sec also Sputum) 



Faeces, 337 

acholic, 340 

blood in, 274, 338 

in cholera, 340 

in colitis, 273 

composition, 337 

consistency, 338 

in diarrhoea, 340 

in dysentery, 341 

gall stones in, 341 

gases of, 340 

inspection, 337 

in intestinal catarrh, 273 

odor, 338 

palpation for accumulations. 280 

reaction, 339 

quantity, 339 

in typhoid, 340 
Faecal accumulations, 280 

signs of, 280 
False murmurs, 187 
Fehling's glucose test. yt2 
Fever in broncho-pneumonia. 137 

in haemoptysis, 96 

hectic, 153 

in phthisis, 153 

in pneumonia, 132 

in pulmonary abscess. 132 

pulse rise in. 56 
Fixation of blood films, 24(1 
Flatness defined, 72, 75 
Fleischer's gastric motor test, 304 
Flint's murmur, 212 

vesiculo-tympany, 119 
Fluctuation, 262 

circumscribed. 262 
Fluuroscope, 34- 
Foetal heart st>nn<l>. 291 
Fossa, 34 

infraspinmi>, 34 

supraclavicular, 33 



Fossa — 

supraspinous, 34 
Friction sounds. 83, 177, 190. 194, 262 

diagnosis of, 84 
Friedreich's sign, 195 
Fremitus, 52 

abdominal, 262, 264 

cardiac, 166 

diminished, 53 

factors of, 52 

friction, 54, 130 

normal, 54 

pericardial, 190 

pleural, 116 

in pneumonia, 53. 130 

rhonchial, 54, no, 112. 152 

tactile, 52 

tussile, 54 

variations, 53 

vocal, 84 
l^'unnel breast. 30 

causes, 30 

Q 
(Jail bladder, 41, 275 

enlargements of, 42 

palpation of, 42, 275 
(Jail stone disease, 2^5, 341 

differential diagnosis, 276 
Galloping consumption, 143 

rhythm, 191, 208 
Gangrene, intestinal, 281 

pulmonary, 132 
(Jastrectasia. 269 
(Jastric carcinoma. 250. 269 

lactic acid in, 305 
(iastric contents, examination of. 29(> 

absorption. 304 

test for, 304 

acetic acid in, 298, 300 

acid salts of, 302 

Boas' test for, 299 

Boas-Oppler bacillus in, 305 

butyric acid in. 298. 300 
smell of. 300 

test for, 300 

chemic-tl examination of. 300 

digestion products. 302 

free acid. 20() 

free TICl, 290 

c.^timatif n of, 301 

juice, 20(1 
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'Gastric contents- 
lactic acid in, 297 

after test breakfast, 298 
test for, 300 

microscopic examination, 305 

motor function, 304 

mucus, 305 

urganic acids, 299 
test for. 300 

pepsin, 303 

reaction, 29S 

rennin, 304 

sarcinae. 305 

total acidity, 300 
Gastroxynsis, 297 
Gigantoblasts, Ehrlich's, 250 
Glucose, 320 

Fehling's test for, s^^ 

Haine's test for, 322 

Phenylbydrazin test, 322 

Robert's test for. 323 

Trommer's test for, 321 
precautions, 321 
Gmelin's test, bile pigment, 324 
Gollash's dye, 248 
Gonococcus, 336 
Gower's fluid, 244 

haemoglobinometer. 252 
Glycosuria. 320 

qualitative test for, 322 

quantitative test, 321 

significance, 320 

(see also (jjucosc) 

H 

Haimatemesis, (x). 272 
Haimatocrit. Daland's, 245 
HsematLiria. ^^2 
Haemic murniur>. 177 
Haemocylomtier. 241 

Turck's rulings, 244 
llienioglobin, 249 

in chlorosis, 249 

estimation of. 252 

in gastric carcinoma, 250 

in leukaemia, 251 

in pernicious anaemia, 250 

in septic infections, 250 
Haemoglobinometer, Dare's. 253 

Gower's, 252 

Tallquist's. 252 



Haemopericardium, 198 
Haemoptysis, 95 

in bronchiectasis, 114 
causes, 95 
character of, 96 
diagnosis, 97 

from haematemesis, 97, 98 
in embolus, 140 
in emphysema, no 
in gastric carcinoma, 270 
in mitral diseases, 199 
in phthisis, 155 
recurrent, 96, 97 
symptoms, 96 
vicarious, 96 
Haemorrhage, intestinal, 98 

retinal, 89 
Haine's glucose lest, 322 
Harrison's sulcus. 29 
Hazer's coefficient. 312 
Heart, diseases of — 

absolute 'dullness of, 37, 169 
anatomy of. 159 
apex impact. Ux) 
areas. 162, 167, 168 
dilatation, 199. 223 

physical signs of, 225 
displacements of. 164 

causes of. 164 
in emphysema, 109 
fatty, 225 
fibroid, 226 
hypertrophy, 223 

causes, 224 

pseudo. 163 
murmurs, 177 

causes of, 177 

1( cation of. 180 

time of, 179 
percussion areas. 166 

decreased . i(x) 

displaced. 169 

increased. 169 
physical examination of. 161 
physiology. 15Q 
rate, 159 

reduplication. 176 
sounds, 170 

altered, 174 

adventitious. 176 

elements of. 171 
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Heart- 
normal, 170 
over cavities. 152 
reduplication of, t66, 176, 207 

(see also Cardiac) 
Heaving, aneurysmal, 229 
Hectic, 153 

Heller's albumin test, 318 
Hepatization of lung. 129, 131 
Herpes in pneumonia, 132 
Hiatus diaphragmaticus, 46 
Histologic sediment of urine, 330 
History taking, 21 
Hippocratic succussion, 86, 128 

in pneumothorax, 128 
Hodgkin's disease, 254 
Hydrochloric acid, 296 

in gastric contents, 298 

qualitative test for. 299 

quantitative test for, 301 

significance. 302 

tests for, 299 
Hydropericardium, 197 
Hydropncumothorax, 125 
H>'perchlorhydria, 297 
Hyperlcucocytosis, 240 
Hyperresonance, 74 
Hypertrophy, cardiac. 223 

causes. 224 
Hypobromite solution, 313 
H>'poleucytosis, 240 
Hyperostosis of Marie, 112 

I 
Ileus. 273 

Incisura of lung. 45 
Indirect murmurs, 184 
Indol, 315 

in intestinal obstruction, 315 

in peritonitis, 315 
Indican in urine, 274 

significance of, 315 

test for, 265, 315 
Inferior axillary region, 34 

contents, 45 
Infraclavicular space, ^^i, 36 

boundaries. 33 

contents, 36 
Inframamniary region. j^t{ 

boundaries. ^^ 

contents, left. S7 



Inframammary — ' 
right, 38 
Infrascapular region, 34 

contents, 45 
Infraspinous fossa, 34 
Inorganic murmurs, 177 
Inspection, 47 

rules for, 47 

in intestinal diseases, 271 
Insufficiency, aortic. 183, 186 

mitral, 198 

pulmonary, 220 

tricuspid, 217, 219 
Intermittent venous murmurs, 63 
Interscapular region, 34, 45 

boundaries, 45 

contents, 45 
Intestine, 270 

catarrh of, 272 

glands of, 270 

large, anatomy of. 279 
diseases of, 270 

obstruction of, 273 

perforation, signs of, 278 

small, 270 

anatomy of, 270 
diseases of, 270 

special symptoms. 270 

ulcer of, 276 
Intussusception. 274 
Iodoform test, Fleischer's. 304 
lodophilia. 239 

J 

Jenner's stain, 248 

K 

Kidneys, 45, 289 

anatomy, 45. 289 

enlargements of. 289 

movable, 290 

palpation, 289 

percussion areas, 289 

physical examination of. 289 

tumors of. '290 
Klemperer's gastro-motor test, 304 
Koch'> c(»ma bacillus. 340 

L 
Lactic acid. 300 

in gastric contents. 300 
Ufflemann's test for. 300 
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Laenncc's purring tremor, i66 

pcrles, 94 
Landmarks of thorax, 33, 34 

of ribs, 34 
Laryngoscope, 87 

dia^no.sis l)y, 88 
Larynx, ulcer of. 88 

hieniorrlia.ijc from, 98 
Laryngeal breath sounds. loi 

stenosis, rjy 

dyspncea. (/> 
Laryngisnuis stridulu>, 104 
Lavaran's plnsnioduun. 248 
Lcadworker's puNc. S7' ^7 
Leo's test for acidity. 302 
Leucocytes, 236 

basophilic. 239 

classification. 239 

counting, 244 

eosinophilic. 239 

large mononuclear, 239 

ncutrophiles, 239 

normal number, 239 

polynuclear, 239 

in pernicious anaemia. 250 

in pulmonary tuberculosis. 254 

reaction lo iodine. 239 

small mononuclear. 239 
Leucocytosis. 2:^7. 240 

absence of. 240 

basophilic. 240 

causes of. 240 

eosinophilic. 240 

experimental. 240 

inflanuuatory, 240 

in malignant disease, 240 

pathologic. 240 

pneumonic. 135 

post hcTUiorrhagic, 240 

physiologic. 240 

therapeutic. 240 

toxic. 240 
Leucin in urine, 329 
Leukaemia, 251 

diagnosis of, 252 

lymphatic, 251 

splenomedullary. 251 
Line — 

mammary, s^ 

midaxillary, 34 

midclavicular, 33 



Line— 

midscapular, 34 

parasternal, s;^ 
Lithogenous biliary catarrh. 275 
Litten's phenomenon, 147, 195 
Liver, 2H2 

abscess, 281 

symptoms of, 283 

acute yellow atrophy. 285 

alterations of position, 283 

anitomy of, i,j. 76 

amyloid, 284 

borders of. 38, 76. 2H2 
in atrophy. 285 

cancer of. 284 

changes in size. 283 
in amyloid. 284 

cirrhosis, atrophic. 285 

hypertrophic. 284, 294. 318 

cysts of, 293 

displacements, 283, 286 

enlargements, 275 

echinococcus. 285 

fatty iutiltration. 284 

hyi)er.Tniia of. 283 

lymphadenomata, 2S>^ 

normal boundaries, 38, 76, 2!S2 

nodules, 284 

pulsation. 62. 164. 199. 218. 283 

syphilis of, 285 
Lobar pneumonia. 129 

bacteriology. 134 

l)lo)d changes in, 135 

diagnosis. 135 

special symptoms, 132 

terminations, 132 
Lungs — 

abscess of, 95, 132 

altered sounds, 78 

anatomy of, 45 

apex areas. 35 

auscultation, 76 

blood from, 96 

borders of, 45, 7^ 

cirrhosis, 294 

collapse of, 114 

conditions causing cough, 91 
causing clubbing, 105 

consolidation, 149 

expansion, types of, 48 

in embolism, 139 
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Lungs — 

gangrene of, 132 
hepatization of, 131, 140, 143 
inspection,' 47 
lobes of, 39 
outlines of, 75 
oedema of, 135, 141 

diagnosis, 135 
palpation, 52 
percussion, 70 
percussion note. 71 

changes in, 73 
in pericarditis, 193 
in pleurisy, 121 

compression of, 121 
in pneumothorax, 125 
relation to clavicle, 35, 75 

to pleura, 45 

to sternum, 38 

to thorax, 75 
retractions, 151 
symptoms pointing to, 20 
Ludwig's angina, 100 
Lymphocytes, 238 

in Hodgkin's disease. 254 
in leukaemia, 252 

M 

McBurney's point, 277 
Macroblasts, 236 
Macrocytcs, 236 
Malarial organism, 248 
Mast cells, 238, 252 

in leukaemia, 252 
Mammary region, 31 

boundary, 31 

contents, y; 

line. 31 
Mechanical aids to diagnosis, 63, 87, 88 
Mechanical dyspnoea, 100 
Meconium, 340 
Mediastinal growths, 99, 235 

diagnosis from aneurysm, 169, 235 
from cardiac hypertrophy, 169 
Megaloblasts, 237 
Medical anatomy, 32 
Megaloc>'tes, 236 

in pernicious anaemia, 250 
Meningeal disease, influence on pulse. 

57 
Mensuration, 51 



Metallic tinkle, 86, 127. 153 

in intestinal obstruction, 274 
Microblasts, 2^7 
Microcytes, 236, 250 
Microscope — 

findings in faeces, 341 
in stomach, 305 
in urine, 330 
Midaxillary line, 34 
Midclavicular line, ^z 
Midscapular line, 34 
Mitral area, 181 

incompetency, 198 
diagnosis of, 203 
mechanism of, 198 
physical signs of. 198 
incompetency and stenosis, 20^ 

physical signs of, 209 
murmurs, 183 
stenosis, 184, 204 

physical signs of, 205 
mechanism of, 204 
pulse of, 208 
thrill, 200 
valve, 160 
Morbus cceruleus, 104 
Movable kidney, 290 
Mucus, gastric, 305 

urinary, 319 
Murmurs, 177 

anaemic, 177, 216 
aortic, 185 

incompetency, 20Q 
stenosis, 186, 214 
arterial, 62 
areas of, 181 
associated, 179, 212 
auricular systolic, 179 
cardiac, 177 
cardo-respiratory, 148 
causes of, 177 
combine<l, 179 
congenital, 222 
compound, 179 
dc diable, 179 
diastolic, 206 
direct, 184 
endocardial. 176 
exocardial, 177 
false. 63, 187 

causes of, 187 
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Murmurs — 

diagnosis of, 189 

Flint, 212 

haemic, 177 

indirect, 184 

location of, 180 

mitral, 183, 200 

obstructive. 204 

order of frequency of. 178 

organic, 178 

presystolic, 184, 202 

of phthisis. 148 

pulmonary, 220 

simple, 179 

steam-tug, 217 

systolic, 200 

time of, 179 

tricuspid, 202. 217, 219 

uterine, 63 

venous, 61 

ventriculo-diastolic, 180 
systolic, 180 
Myocarditis, 226 
Myocardium, diseases of, 223 
Myoidema, 151 

as sign of phthisis, 151 
Myelocytes, 251 

N 

Negative pulse, 61 

wave, 66 
Nervous dyspnoea, 102 
Nephritis, 90 

scarlatinal, 100 
Night sweats, 156 
Nipple, 34 

line, 33 

landmark, 35 

location of, 34 
Neutrophils, 238 

polymorphonuclear, 238 
Neutrophilic, 238 
Normoblasts, 237 
Normocytes, 238 
Notch— 

dicrotic, 65 

interclavicular, 35 
contents of, 35 

suprasternal, S3 
Nucleated red cells, 237 

in pernicious anaemia, 250 

in leukaemia, 251 



Obstipation, 3^7 

Obstruction of bile ducts, 275, 283 

of gall bladder, 275 

intestines, 273 
G£dcma — 

of abdominal walls, 264 

of aneurysm, 231 

diagnosis of, 142 

of heart disease. 142 

pulmonary, 141 

terminal, 141 
(Esophagus, 229 
Oligocythemia, 237 
Oliver's sign of aneurysm, 232 
Omentum, 293 

cancer of, 293 

diagnosis of. 294 

diseases of, 293 

tumors of, 293 
Ophthalmoscope. 88 

diagnosis by, 89 
Openings in diaphragm, 42 
Order of procedure in diagnosis, 32/ 
Orthopncea. 103, 233 
Osteo-arthropathie pneumique, 112 
Ovaries, palpation of, 292 

diseases of, 292 
Ovarian dropsy, 293 

diagnosis from ascites. 293 

tumors, 292 

diagnosis of, 293 
Oxalate of lime, 328 
Oxyphilic, 238 

P 

Palpable rales, (see Rhonchi) 
Palpation. 52 

abdominal. 261, 271, 280 

of aorta. 35 

of appendix, 271 

differential, 147 

for rtuctuation, 262 

for f«ecal accumulations, 280* 

friction fremitus, 54, 130 

of gall bladder, 42, 275 

in intestinal diseases, 261 

of kidney. 289 

of liver, 37 

of lung. 52 

of omentum, 293 

of ribs, 34 
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Palpation — 

spleen, j86 

ulnar, 52 

stomacii, 266 

thrill. iW), 200, 200 
Palpation in disease, 52 

anenrysm, 229 

bronchitis, 106 

Druncliial stenc)si>, 115 

broncho-pnennionia. 138 

emphysema. loy 

lobar pnenmonia, 130 

peritonitis, 2(14 

phthisis, 147 

pericarditis, 192, 196 
Papillitis, 89 

Paracentesis of pleural sac. 45 
Paralysis, laryngeal. 88 
Paralytic chest, 31 
Parasternal line, ^3 
Patent ductus arteriosus. 222 
Pectoriloquy. 85, 153 

in bronchiectasis, 113 

cavernous, 85 

in phthisis. 152 
Pigeon breast. 29 
Peptones, test for. 303 
Pq)sin. 303 

te>t for. 303 
Percussion. 70 

of abdomen. 262 

abdominal organs, 2()2 

for abdominal fluids, 295 

auscultatory. 26 

for fiecal accumulations, 280 

of heart. 166. 167 

immediate. 70 

intensity of sounds, 73 

intestinal tumors, 2^)3, 271 

law of duration, 73 

of liver, 284 

of lung, 73, 75 

mediate, 70 

praecordia, 161, 169 

rules for, 70 

scale, 73 

sounds, influences modifying, 74 
theory of, 73 

splenic area, 287 

stomach area, 266 



Pericardial effusions, 165 

diagnosis from dilatation, 194 

signs of, 192 
Pericardial murmurs. 176 
Pericarditis, 190 

adhesive, 195 

diagnosis from pleurisy. 124 

physical signs of. 195 

causes of. 190 

dry. 190 

diagnosis of, 190 
physical signs of. 191 

leucocytosis in. 241 

percussion area< of. 169 
Peristalsis. 270 

gastric. 304 

visible, 280 

significance of, 271 
Peritoneum. 264 
Peritonitis, 2()4 

in appendicitis, 276 

physical signs of, 2O5 

varieties, 264 
Pernicious aniemia, 250 
Perles of Liennec, 94 • 
Perspiration of phthisis, I5() 
Phonendoscope, 26 
Phthisical cavities, 151 

chest, 31 
Phthisis, 143 

(see also Tuberculosis) 

acute pneumonic, 143 

auxiliary signs of, 153 

chronic, 144 

incipient stage of, 146 
stage of consolidation. 149 
softening, 151 

classification of. 143 

florida. 143 

physical signs of, 143 
Phenylhydrazin test for glucose. 322 
Phosphates in urine, 316. 327 
Phosphoric acid, significance of, 316 

tests for, 316 
Physical examination, order of. 32 
Pitch, law of. 73 

in pneumothorax, 126 
Placental bruit. 291 
Plasmodium malarijc, 248 
Plessor. 70 
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Pleura, relation to lung, 45 
Pleural fremitus, 116 

effusion, tapping. 45 
Pleurisy, 116 

compressed lung in, 121 

diagnosis of, 123 

from pericarditis, 124 

dry, 116 

with effusion, 119 

physical signs of. 117 

varieties associated with piilmonar, 
tuberculosis, 146 
Pleuritis sicca, 116 
Pleurodynia, 123 
Pleximeter, 71 
Pneumonia, 129 

catarrhal, 13C) 

chronic, 137 

croupous; 129 

diagnosis of, 135 

embolic, 139 

lobar, 129 

special symptoms of, 132 

sputum of. 133 

stages, 129 
Pneumopericardium, 198 
Pneumothorax, 125 

causes of, 125 

physical signs of, 126 
Poikilocytcs, 236, zyj 

in Ilodgkin's disease, 254 

in pernicious anjemia, 250 

in splenic anaema. 254 
Polycythaemia, 237 
Polyuria, 321 
Post-tussive suction, 87 
Potassium ferrocyanide test for albu- 
min, 318 
Praecordia, 161 
Predicrotic wave, 64 
Presystolic murmurs, 184 

thrill, 206, 219 
Pressure symptoms of aneurysm, 230 

murmurs, 62 
Proteolysis, 302 
Puff, 87 
Pulmonary — 

atelectasis, 114 

apoplexy, 139 

artery, obstruction of, 139 

compression, 127 



Pulmonary — 

embolism, 99, 139 

diagnosis of, 140 

dyspnoea of, 140 
ccdema, 141 

percussion note, 71, 7^ 
stenosis, 220 
valve murmurs, 186 

areas, 182 
thrill, 220 
y tuberculosis, 143 

(see also Phthisis and Lung) 
Puliation, epigastric, 163. 206 
ven()n>, 59, 165, 199, 218 
Pulse. 55 

of aneurysm, 234 
of aortic insufficiency, 63 
arhythmia, 58 
asymmetry, 58, 231 
bigeminus, 59, 68 
capillary, 63 
cycles, 56 
dicrotic, 59, 67 
Eichhorst's scale. 55 
in epilepsy, 57 
factors of, 55 
frequency. 55 

diminished, 57 

increased, 56 
higli tension, 66 
lagging, 56 
negative, 61 
paradoxus, 197 
quality. 57 
respiration ratio, 100 

in pneumonia, 133 
rhythm. 58 
temperature ratio, 56 

in phthisis, 56 
thrill, 59 
Pulsations, cervical, 164 
epigastric, 163 
retinal, 89 
Pupil in aneurysm, 234 
Puerile breathing, 78 
Purpura, 254 
Pus- 
characteristics of, 331 
casts. 335 
in urine, 330 
in stools, 341 
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Pus- 
tests for, 331 

Pylephlebitis. 60 

Pylorus. 266 

location of, 26^) 
obstruction of. 268 
stenosis, 269 
tumors of, 269 

Pyopneumothorax. 125 



Rachitic chest. 29 
causes of. 29 
rosary, 29 
Radial pulse retardation. 63 
Radiography, 343 

in aneurysm, 230 
Radioscopy, 343 
Rales, 81 * * 

crepitant, «i. 130 

significance of. 82 
crackling. 82 
definition oi, S2 
dry, 82 
gurgling. 82 
mucous, 82 
moist, 82 

classilication of. 82 
Tedux, 131 
?iibilant, 83 
sonorous, 83 
subcrepitant. 107 
Red blood corpuscles, 237 
crenation of. 2^17 
enumeration of. 243 

by haematocrit. 245 
granular degeneration of, 237 
nucleated. 2^^/ 
in pernicious anaemia. 250 
variations in number, 237 
shape. 2Ti7 
size, 2^7 
Reduplication of heart sounds, 166, 
225 

significance. 166 
Regions of che>t. 31 
axillary. 33 

superior. 43 
inferior. 42 
clavicular. 35 
4'pigastric. 41 



Regions of chest — 

infraclavicular, 36 

inframammar>'. ^ 
left. 38 
right, 37 

infrascapular, 34 

interscapular, 34. 45 

mammary. 33, 37 

scapular. 34. 45 

sternal. 35 

supraclaviailar. 35 

suprasternal, 35 
Regurgitation. 185 

aortic. 1J83. 186 

mitral, 185 

pulmonary, 186 

tricuspid, 202 
Renal asthma, no 

cysts. 293 
Resonance, amphoric. 75 

cavernous. 80 

diminished. 74 

impaired. 74 

increased, 74 

normal percussion. 71 

Skoda's. 74. 119, 193 

tympanitic, 71, 74 

vesiculo-tympanitic, 71. 193 
Respiration— pulse rate, 100, 133. 136 
Respirations — 

cog-wheel. 79 

normal number, 100 

rude. 78 

types of. 48 
Respiratory sounds. 77 

interrupted, 79 

in phthisis, 148 

in pneumonia, 129 

suppression of. 79 

tremor. 83 
Retinitis, go 
Rhonchi. 82 
176. sibilant. 83 

sonorous, 83 
Ribs, counting, 34 

landmarks of, 34 

palpation of. 34 
Right ventricular hypertrophy, 169 
Roman* >wsky's stain, 249 

method of using. 249 
Rosary, rickety. 29 
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Rotch's sign, 124, 193 
Roentgen ray in diagnosis. 343 
apparatus, 343 
examination by, 344 
of abdomen, 350 
of thorax. 3^1 
technique of. 344 

S 

Salol test of I-lwald. 305 
Sarcoma, interabdominal. 272 
Scapula. 1( ►cation of. 34 
Scapular region, 34 

contents, 45 

division. 45 

situation. 34 
Scrobiculi^ cordis, 41 
Semilunar space of Traube. 
Sign— 

Mwart**^, n)T, 

Friedreich's, (K). 105 

Littens, 147, 195 

Oliver's, 232 

Rotch's. 124, IQ3 

Smith's of aneurysm. 2t^2 

Traube's vascular, 63 
Sign<, physical, 20 

subjecti\e. 19 
Skiagraph. 343 
Skoda's resonance. 74 

identity with I^'lint's. 74 

in pericarditis, i()3 

in pleuritic etTusiou, 74 

vesiculo-tympany. 74 
Sleep, inrtuencc on puNc. 5S 
Suiall intestine, diseases of. 270 

anatomy of, 270 
Smith's si^n of r.nrurysni. 2,^2 
So'ukN- 

advcntitious. 81 

endocardial. 76 

f(etal heart, 291 

pericardial, 176 
Souffle, funic. 291 
Spermatozoa in urine, 336 
Sphygmograph, 63 
Sphygmometer, 68 

Stanton's, 69 
Spirals of Curschmann. 94 
Spleen, 45, 286 

cysts of. 293 



Spleen — 

enlargements of. 125. 288 
diseases causing, 288 

fremitus, 264 

percussion areas, 286 

topograpiiy. 45, 46. 286 
Splenic an«xmia, 237 

area, 287 

ascites, 294 

axis. 45. 2^7 

line. 287 
Sputum, (see l*'xi)ectoration). 93 

in acute bronchitis, 107 

amount, 93. 133 

in bronchial asthma. 94 

in bronchiectasis. 1 13 

consistency. 93 

color. 93 

in lob:,r pneumonia, 133 

nununular, 93. 154 

in pulmonar\ abscess, 132 

in pulmonary » edema, 93, 142 

in i)ulnionary tuberculosis, 93 

ru<ty. 29. 1.^3. 138 
S(|uibl)'s r.rinometer, 77 
Stenosis, aortic, 214 

bronchial. 1 14 

iiUi^tinal, 272 

mitral. 204 

pulmonary. 220 

])> loric. 2(y() 

tricuspid, 1S5. 219 

vahular. 17S 
Sternal region, x^ 

boundaries, ^^j^ 

contents, 3S 

division of. x^ 
Siethometer. 51 
Stethos.'< pc. 2;^ 

Iiowles". description of. 25 

neccsvary (pialities. 24 

ValeiUine's, 24 
Stomach, 2(y^, 29^) 

(see Gastric) 

alterations in size. 2(^7 

artificial distention, 2(^7 

carcin(»ma of, 250. 2(^k; 

cardiac oritke, 46. 266 

contents, examination of, .(/> 

lavage. 298 

locating lower l>order. 267 
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Stomach — 

motor function, 304 
testing, 305 

physical examination of, 266 

pyloric orifice, 266 

rate of absorption, 304 

topography, 266 

as determined by x-ray, 350 
Stridor, 83, 115 

of Taylor and Lee, 104 
Subscapular region, 34 

boundaries, 34 

contents, 45 
Succussion splash, 86. 128 
Suction, post-tussive, 87 
Sugar in urine, 320 

(see Glycosuria) 
Sulphuric acid in urine, 315 
Sulphates, 315 

significance of, 315 

tests for, 315 
Supraclavicular fossa, ^^ 

contents, 35 
Supraspinous fossa, 34 
Superior axillary region, 33 

contents, 42 
Suprasternal region, 33 

contents, 35 
Sweating unilateral, 234 
Symptoms. 20, 91 

classification of, 21 
Syphilis, hepatic. 285 

larviigeal, 88. 98 
Systolic niurnuirs, 217 

rhythm of, 179 



Tachycardia, 104 
Tactile fremitus, 52 

factors diminishing. 50 
increasing, 52 
Tallquist's hjemoglohinometer. 252 
Tapping pleural sac. 45 
Test meal. 297 
Thoma-Zeiss cytomcter, 241 
Thoracic aneurysm, 228 

(see Aneurysm) 

I)hysical signs of. 233 

pressure symi)toms, 230 
Fene^inuis. 270 
in dysentery, 281 



Temperature — pulse ratio, 56 
Thorax, 27 

(see Chest) 

emphysematous, 30 

infantile, 27 

paralytic, 31 

phthisical, 31 

shapes and types, 27 
Thrill, aortic, 215 

aneurysmal. 230 

arterial, 59 

hydatid, 285 

Laennec's, 166 

mitral, 200 

pericardial, 166 

pulmonary, 2i0 

presystolic, 206. 219 

purring, 166, 206 

tricuspid, 219 
Thrombosis, 60 
Tinkle, metallic, 86, 127 
Toi son's fluid, 244 

Tonsillar hypertrophy, influence on re- 
spiration, 29, 30 
Topfer's test for HCl, 299 
Tormina, 270 

Trachea, bifurcation of, 38 
Tracheal tug, 232 
Traube's vascular sign, 63 

semilunar space. 
Triangle of cardiac dullness, 37, 167 
Trichter brust, 30 
Tricuspid area, 182 

murmur, 185 

regurgitation, 185, 217 
causes of, 217 
diagnosis of, 219 
mechanism of, 218 
physical signs of, 218 

.sten()^i^, 185, 219 

physical signs of, 219 

thrill. 219 
Trommcr's test for glucose, 321 
Tubercle bacillus, 155 

of choroid, 88 

in phthi^iis. 155 

staining, 155 

in urine. 336 
TuhcTculosis. pulmonary, 143 

(>^cf^ also Phthisis) 

Auscultation. 147, 151, 152 
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Tuberculosis — 

auxiliary signs of, 153 

blood in, 157 

classification, 143 

cough in, 144, 153 

DaCosta's sign of, 148 

definition, 143 

earliest signs of, 148 

expectoration of, 154 

intestinal, 272 

laryngeal, 88 

lesions of, 145 

methods of examining, 146 

myoidema as sign of, 157 

palpation in, 147, 150 

percussion in, 147, 150 

physical signs of, 146, 153 

pleurisy associated with, 146 

primary lesions of. 144 
seat of, 144 

rectal, 338 

sputum of, 155 

stages, 146 

varieties, 143 
Twin pregnancy, diagnosis of, 291 
Tympanites, 270 
Tympany, 263 
Typhoid fever, Widal's test for, 281 

diazo reaction in, 325 
Tyrosin in urine, 330 

U 

Uffelmann's test for lactic acid, 300 
I'lcer of duodenum, 272 
Ultzmann's test for chlorides, 316 
Ulnar palpation. 52 
l'ra;mia. 100, 308 
Ureometcr. Dorcniiis*, 313 
Urinary sedinuMit. ^2^ 
Urine, 307 

acetone in, 310 

acid sediment. 326 

albumin, 317 

tests for. 318, 319 

alkaline sediment, 326 

ammoniacal decomposition, 309, 

appearance, 318 

in appendicitis, 278 

bacteria in. 336 

bile in, 276, 324 

bile pigment in, 278, 324 



Urine — 

blood in, 331 

tests for, 33a 
calcium oxalate in, 328 
carbohydrates in, 320 
casts in, 333 

bacterial, 336 

blood, 332, 334 

epithelial, 335 

fatty, 335 

granular, 335 

hyaline, 334 

P"s, 335 
changes on standing, 309 
chlorides, 315 

significance of, 315 

test for, 316 
composition, 308 
color, 310 
cylindroids in, 336 
cystine in, 329 
diacetic acid in, 324 
epithelium, 332 
glucose. 320 
in hepatic colic, 276 
hippnric acid, 328 
indican. 265, 274 

tests t«)r. jhs 
in intc>tinal obstruction, 274 

oaiarrb. 27^^ 
leucin in. 329 
mucin in, 319 
nubecula. 309 
odor, 310 

oxalate of lime in, 328 
in peritonitis, 265 
phospbate.s in. 316, 327, 328 
in pleurisy. IJ5 
in pneumonia. 130, 135 
in pulmonary tuberculosis, 157 
pus in. .U7, 319. 330 
quantity, normal, 307 

variati(»ns in, 307 
reaction, 310 
salicylic acid in, 305 
336 solids of, 312 

significance of 

diminution, 312 
specific gravity, 311 
spermatozoa in, 336 
sugar in. 320 
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Urine — 

sulphuric acid in, 315 

sulphates in, 315 

transparency, 312 

in typhoid. 247 

tyrosin in, 330 

in tuberculosis, 157 

urates in, 327 

urea in, 313 

Hartley's method, 314 

uric acid in, 315 

uric acid calculi. 327 
Urinometer, 311 
Uterus, 290 

enlargements of, 291 

impregnated, 291 

physical examination of, 293 

tumors of, 292 



Valentine's stethoscope. 24 
Valves, cardiac, 160 
areas, 174 
aortic, insufficiency of. 183, 186 

stenosis of, 186. 214 
cardinal points for. 174 
congenital diseases of, 222 
differentiation of sounds, 174 
insufficiency. 178 
isolation of. 173 
location of, 173 
mitral, insufficiency of, 198 

stenosis of, 184, 204 
names of, 160 
pulmonary, insufficiency of, 220 

stenosis of, 220 
tricuspid, insufficiency, 185, 217 
stenosis, 178 
Valvular lesions of tuberculosis, 151 



Vascular phenomena, 59 

of aortic insufficiency, 63 

venous, 59 
Veins, enlargement of, 59, 165 

conditions causing, 59 

significance of, 59, 165 
Venous engorgement. 60, 192 

murmurs, 61 

pulsations, 59, 165. 100. 218 
in phthisis. 61 
time of, 61 

transmitted, diagnosis of, 60 
as sign of tricuspid regurgita- 
tion, 61 
Ventricles, thickness of. 223 
Vesicular breathing. 78 

percussion note. 71 
Vesiculo-tympany, 71, 109 
Vocal resonance, altered, 84 

normal, 84 
Voice, amphoric. 85 

auscultation. 84 

cavernous, 153 

in pneumothorax. 127 

in phthisic. 153 

whispered. 85 
Volvulus. 274 
Vomit. stercoraoc(Mis. 274 
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Water haninier pulse, 58 
Whis[)er resonance. 8(1 
Whooping cough. 92 
dyspniea of. 09 
Wintrich's chanj»:ed note, 152 



Xiphoiil cartilage 41 
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